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[57] ABSTRACT

An anesthesia rebreathing system including a single use
structural portion and a reusable structural portion con-
figured so as to be readily latched together to automati-
cally couple respective fresh gas interface ports and
patient overflow ports. The single use portion includes
a patient bag which is mounted in a closed rigid con-
tainer in the reusable portion. Gas pressure in the con-
tainer is controlled by an anesthetist squeezing an out-
side bag or by a mechanical vertilator, as determined by
the setting of a user operable control knob subassembly,
which also functions to establish gas pressure and vol-
ume in both the patient circuit and the control circuit.

102 Claims, 30 Drawing Sheets
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1
ANESTHESIA REBREATHING SYSTEM

BACKGROUND OF THE INVENTION

This invention relates generally to a system for ad-
ministering general anesthetics in the gaseous state and
more particularly to an anesthesia rebreathing system,
comprised of a permanent (or reusable) structural por-
tion and a disposable (or single use) structural portion.

U.S. Pat. Nos. 3,814,091 and 3,901,230 disclose an
anesthesia rebreathing system comprised of a reusable
structural portion and a single use structural portion

cooperatively configured to minimize the possibility of

crosscontamination between patients. The system 1is
characterized by a geometry which preferentially vents
expired alveolar gas, rich in CO;, while preserving
initially expired dead space gas to thus minimize the
need for CO; absorption.

In one embodiment disclosed in U.S. Pat. No.
3,814,091, the single use portion comprises a patient
circuit generally referred to as a circle including both
inspiratory and expiratory patient breathing tubes. In a
second disclosed embodiment, the patient circuit com-
prises a single breathing tube alternately used for inspi-
ration and expiration. Each circuit embodiment also
incorporates an overflow tube whose entrance is lo-

cated very close to the patient. The overflow tube exits

at a reusable patient overflow (commonly referred to as
“pop-off’’) valve which is located close to an anesthesia
machine where it can be conveniently controlled by an
attending anesthetist. By locating the overflow tube
entrance close to the patient, it functions to preferen-
tially vent alveolar gas through the overflow valve and
save dead space and unbreathed gas within the tubing
and reservoir of the patient circuit. The patient reser-
voir is disclosed as comprising one chamber of a dual
chamber bag. The overflow valve is disclosed as being
operable in two different modes, i.e. (1) as a manually
controlled variable orifice for spontaneous ventilation
and (2) as an automatically controlled valve responding

to a positive control pressure for manually assisted or

mechanically controiled ventilation.

U.S. Pat. No. 3,901,230 discloses an enhanced system
characterized by the inclusion of an improved subsys-
tem for controlling the gas volume and pressure in the
patient circuit. The subsystem (which has since become

known as a “ventilator/isolator” circuit) includes a:

rigid container (forming part of the system’s reusable
portion) within which a single chamber patient breath-
ing bag (forming part of the single use portion) is ac-
commodated. The pressure within the rigid container 1s
controlled (1) during manually assisted or controlled
ventilation, by an attending anesthetist squeezing an
outside bag and (2) during mechanically controlled
ventilation by a conventional mechanical ventilator.
The pressure variations in the rigid container are ap-

plied to the patient circuit via the flexible walls of the

patient breathing bag. Crosscontamination is eliminated
in such a system because the patient expired gas cannot
come into contact with reusable portion components
exposed to inspired gas.

More specifically, the enhanced system of U.S. Pat.
No. 3,901,230 can be functionally viewed as including a
patient circuit and a ventilator/isolator circuit for con-
trolling gas volume and pressure in the patient circuit.
The system can be structurally viewed as including a
single use portion and a reusable portion. The system 1s
configured so that the single use portion forms most of
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the patient circuit with the reusable portion forming the
ventilator/isolator circuit and part of the patient circuit,
e.g. the adjustable patient overflow valve.

The inventions disclosed in said U.S. Pat. Nos.
3,814,091 and 3,901,230 have been embodied 1n an anes-
thesia system marketed commercially since about 1976
as the ANTROL system by Diamed, a division of Illi-
nois Tool Works, Inc. The ANTROL system with ven-
tilator/isolator includes the following independently
operable user controls:

1. Patient pop-off valve, variably adjustable between
open and closed positions and having a ventilator posi-
tion at which the pop-off valve is controlled by the
pressure in the rigid container;

2. Ventilator/isolator selector valve, movable be-
tween first and second positions for respectively cou-
pling either the outside bag or mechanical ventilator to
the rigid container;

3. Ventilator/isolator fill valve for selectively filling
the ventilator/isolator circuit; e.g. the ventilator bel-
lows or the outside bag; and

4. Ventilator/isolator dump valve for selectively
relieving pressure from the ventilator/isolator circuit;
e.g. the ventilator bellows or the outside bag.

The foregoing user controls are used by the attending
anesthetist in conjunction with anesthesia machine con-
trols (e.g. flush valve) to maintain proper gas volume
and pressure in the patient and ventilator/isolator cir-

culis.

SUMMARY OF THE INVENTION

The present invention is directed to an improved
anesthesia rebreathing system which retains many of the
advantageous characteristics of the systems disclosed in
U.S. Pat. Nos. 3,814,091 and 3,901,230 and which addi-
tionally incorporates several new features to signifi-
cantly enhance the ease of use and safe operation of the
system. More specifically, embodiments of the present
invention similarly include a patient circuit impie-
mented primarily as a single use structure and a ven-
tilator/isolator circuit, implemented primarily as a reus-
able structure, for controlling gas volume and pressure
in the patient circuit.

In accordance with a significant aspect of the inven-
tion, instead of using the aforementioned multipie inde-
pendently operable user controls, embodiments of the
present invention employ an integrated user control
means comprising a control knob whose position deter-
mines the system operating mode. Thus, in a first pre-
ferred embodiment, the user control knob can be ro-
tated to any one of the following mutually exclusive
positions:

1. auxiliary outlet

2. off

3. mechanical ventilator mode

4. manual bag mode
Positions 3. and 4. comprise the positions for reSpec-
tively ventilating the patient either with a mechanical
ventilator (i.e. position 3.) or with manual assistance or
spontaneously (i.e. position 4.). In a second preferred
embodiment, the four aforementioned positions are
supplemented by an automatic bag mode position (1.e.
position 5.) at which the system is properly controlled
without manual adjustment.

The first and second embodiments of the invention
additionally differ in that in the first embodiment, the
gas flow from the patient circuit overflow tube 1s used
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as working gas for the ventilator/isolator circuit. In the
second embodiment, ventilator/isolator circuit working
gas is derived from a high pressure gas supply (prefera-

bly dry medical grade oxygen).
In accordance with a further aspect of the invention,

adjustable overflow valve means for controlling out-
flow from the patient circuit is located in the ventilator-
/isolator circuit (as contrasted with its being in the
patient circuit in prior systems). In both disclosed em-
bodiments, this overflow valve means can be selectively
adjusted by the user by rotating the control knob, while

in the manual bag position, to vary the flow rate out of

the ventilator/isolator circuit.

The single use patient circuit includes a connector
body appropriately configured to be mated to tubular
fittings on the reusable portion. In accordance with the
preferred embodiments of the invention, latching means
are provided for latching the connector body in place
when it 1s properly seated on the reusable portion.

In accordance with a significant feature of the pre-
ferred embodiments, sensor means are provided for
indicating when the connector body is properly seated.
The sensor means are coupled to the aforementioned
control knob for preventing it from being moved to any
of the ventilating positions (i.e. 3, 4, 5) unless the con-
necting body is properly seated. This feature assures
that the patient circuit is properly connected before an
anesthesia procedure can begin.

In accordance with a further feature of the preferred
embodiments, the latching means is configured to allow
the connector body to be readily manually seated onto
the reusable portion but preventing it from being inad-
vertently unseated while the system is in a ventilating
mode. More specifically, in order to unseat the latched
connector body, the preferred embodiments include
unlatching means operably coupled to the control
means and actuatable only when the control knob is not
in a ventilating mode position, e.g. the off position, to
both unlatch and eject the connector body.

In accordance with a further aspect, in lieu of provid-
ing independently operable user fill and dump valve
controls for the ventilator/isolator circuit and a flush
valve control for the patient circuit, systems in accor-
dance with the invention are configured so that actua-
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tion of a common control member automatically adjusts 45

the gas volume and pressure to a predetermined set of

initial conditions in each circuit regardless of whether
the circuit was previously too empty or too full. In
accordance with a related feature of the preferred em-
bodiments, the user control means is configured so that
the common control member is actuated by pressing the
rotatable control knob. In accordance with an addi-
tional feature of the preferred embodiments, means are
provided for automatically initializing (i.e. establishing
said initial conditions) said circuits whenever said con-
trol knob is used to change into or out of any ventilating
position.

In accordance with a still further feature of the inven-
tion, means are incorporated in the ventilator/isolator
circuit for enabling the user to set a pressure against
which the patient breathes out, 1.e. positive end expira-
tory pressure.

Systems 1n accordance with the invention are com-
patible with various types of patient circuits including
those having separate inspiratory and expiratory tubes
and those having common inspiratory and expiratory
tubes. Inasmuch as such systems require a separate
overflow tube, they are respectively implemented as
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3-tube or 2-tube structures. In a preferred 3-tube imple-
mentation, the overflow tube is threaded through the
expiratory tube. In a preferred 2-tube implementation,
the overflow tube is threaded through the single breath-
ing tube.

In accordance with a preferred single use patient
circuit structure, an end expiratory monitoring tube is
threaded through the expiratory tube from the mask
elbow to the connector body for automatically interfac-
ing with the reusable structure.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1is an isometric view depicting the structure of
an anesthesia rebreathing system in accordance with the
present invention; -

FIG. 2 is a generalized block diagram of a first system
embodiment in accordance with the present invention
which is represented in greater detail in FIGS. 6A-6H;

FIG. 3 is a generalized block diagram of a second
system embodiment in accordance with the invention
which is represented in greater detail in FIGS. 7TA-7J;

FIGS. 4A and 4B are schematic diagrams of alterna-
tive 3-tube patient circuits in accordance with the in-
vention:

FIG. 5A is a sectional view illustrating a preferred
control knob subassembly useful in the system embodi-
ments of FIGS. 6A-6H and 7A-7J and FIGS. 5B and
S5C are sectional views respectively taken along the
planes SB—S8B and SC—35C of FIG. 3A;

FIGS. 6A-6H comprise a series of schematic flow
diagrams showing the first system embodiment of FIG.
2 in greater detail, and wherein each of the FIGS.
6A-6H depicts a different system condiiion and the
active flow paths for both the fresh gas and the high
pressure gas for each such condition;

FIGS. 7TA-7Y comprise a series of schematic flow
diagrams showing the first system embodiment of FIG.
3 in greater detail, and wherein each of the FIGS.
7A-7J depicts a different system condition and the ac-
tive flow paths for both the fresh gas and the high pres-
sure gas for each such condition;

FIG. 8 is an isometric illustration of a preferred single
use portion of the patient circuit depicted in FIG. 4;

FIG. ¢ 1s a sectional view taken substantially along
the plane 9—9 of FIG. 8 showing the patient end of the
expiratory tube including both the overflow tube and
end expiratory monitoring tube fitted therethrough;

FIG. 10 1s a sectional view taken substantially along
the plane 10—10 of FIG. §;

FIG. 11 is a sectional view taken substantially along
the plane 11—11 of FIG. 10 showing the proximal end
of the inspiratory tube;

FIG. 12 1s a sectional view taken substantially along
the plane 10—10 showing the connector body of the
single use patient circuit latched to the structural
mounting interface of the reusable system portion;

FIG. 13 is a sectional view taken substantially along
the plan 13—13 of FIG. 12;

FIG. 14 is a sectional view substantially identical to
that of FIG. 12 but however showing the single use
connector body displaced from the structural mounting
interface of the reusable system portion;

FIG. 15 1s a sectional view of the single use portion of
a 2-tube patient circuit in accordance with the present
invention; |

FIG. 16 is a sectional view taken substantially along
the plane 16—16 of FIG. 15; and
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FIG. 17 is a sectional view taken substantially along
the plane 17—17 of FIG. 15.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Attention is initially directed to FIG. 1 which gener-

ally depicts the structure of an anesthesia rebreathing

system 30 in accordance with the present invention.
~ The system 30 is compatible with a conventional anes-

thesia machine 32 capable of supplying fresh anesthesia
gas via tube 34 to the system 30. Also shown in FIG. 1

is a conventional mechanical ventilator 36 which may

include a bellows 38 housed in a transparent cylinder
40. The ventilator 36 can be mounted externally and
coupled, as shown, via tube 42 to the system 30 or alter-
nately can be internal to the system. Conventional ana-
lyzer equipment 44, e.g. gas analyzer, oxygen sensor,
are provided and coupled to the system 30 by various
tubes generally shown as 46.

The system 30 as generally depicted in FIG 1 1s
comprised of a reusable structural portion generally
including a control arm 50, a transparent rigid container
52, and an outside bag 54 conveniently mounted so that
it can be squeezed by an attending anesthetist. The
system 30 also includes a disposable or single use struc-
tural portion 56 generally shown as including a patient
airway communication means, e.g. mask 58, inspiratory
and expiratory tubes 60, 62, a connector body 64, and a
patient breathing bag 66.

As will be discussed in detail hereinafter, in the use of -

the system 30, the patient bag 66 is inserted into and

sealed within the rigid container 52 as a consequence of |

seating the connector body 64 onto the structural
mounting interface of the reusable portion. A single use
CO» absorber canister 68 can be mounted on the con-
nector body 64, if desired, for anesthesia procedures
using lower fresh gas inflow.

The control arm 50 houses the tubing and valving of
a ventilator/isolator circuit, comprising a subsystem for
controlling the gas volume and pressure within the
patient circuit. The patient circuit is defined by the
aforementioned single use patient circuit portion 56 and
also by certain reusable portions of the patient circutt,
to be discussed. In addition to the fresh gas supplied to
the control arm 50 from the anesthesia machine 32, high
pressure gas, preferably dry medical grade oxygen, is
also supplied to the control arm via tube 69.

The control arm 50 in accordance with the present
invention is characterized by the use of a single selector

is available to the anesthetist to control various func-
tions of the system, such as to establish predetermined
gas volume and pressure (hereinafter referred to as
“initial” conditions) in both the ventilator/isolator and
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control knob 70 which as will be discussed hereinafter,

55

patient circuits and also to select various operating

modes such as the manual bag mode and the ventilator

mode. As will be seen, in the manual bag mode, a pa-

tient can breathe spontaneously or his breathing can be
manually assisted or controlled by the anesthetist
squeezing the outside bag 54. In the ventilator mode,
the patient’s breathing is assisted or controlled by the

action of the mechanical ventilator 36. As will be dis-

cussed hereinafter in connection with FIG. TA-7J, the
second system embodiment can additionally be oper-
ated in an automatic bag mode in which the system

automatically maintains the initial conditions without

user intervention.

65
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The control arm 50 is further illustrated as including
an eject button 72 which is used to unlatch and eject the
connector body 64 after it has been latched on to the
structural mounting interface.

In common with the system disclosed in aforemen-
tioned U.S. Pat. No. 3,901,230 the primary functions of
the system 30 are: |

1. to supply anesthesia gas to the patient via the mask
58 in sufficient volume and at a safe pressure;

2. to serve as a reservoir between the varying flow of
fresh anesthesia gas into and out of the patient and the
normally constant rate of anesthesia gas supply;

3. to eliminate excess gas from the system,;

4. to reduce the inspired concentration of CO3 to
acceptable levels; and |

5. to enable the patient’s rebreathing to be assisted or
controlled by manual or mechanical means.

Attention is now directed to FIG. 2 which depicts a

first embodiment of a system 30 in accordance with the

present invention. Note that the dashed line 80 is in-
tended to represent the interface between the system’s
single use portion 82 and reusable portion 84. The single
use portion 82 includes the major portion of the patient
circuit, depicted in FIG. 2 as a 2-tube circuit. The reus-
able portion 84 preferably includes certain structural
members, e.g. check valve 86, which may be function-
ally viewed as part of the patient circuit. However, the
reusable portion 84 primarily comprises the ventilator-
/isolator subsystem for controlling the gas volume and
pressure in the patient circuit. Safe and reliable control
of the patient circuit involves several aspects. Firstly, it
is extremely important for the patient circuit to be con-
trolled so as to avoid overpressurization which could
damage a patient’s lungs. Secondly, it is also essential
that a sufficient supply of gas of the proper composition
always be available for patient inspiration. Thirdly, it is
important that the control subsystem for the patient
circuit, i.e. the ventilator/isolator, provide the anesthe-
tist with a means for rapidly initializing or readjusting
the gas volume and pressure in the patient circuit if
either of the two aforementioned conditions begins to
develop. Fourthly, it is important that operation of the
ventilator/isolator be easy and safe to use to avoid user
error damaging the patient and lastly, it is important
that the ventilator/isolator provide the mechanism
whereby the patient circuit can be operated either in a
spontaneous, a manually assisted or controlled, or a
mechanical ventilator ventilation mode. The ventilator-
/isolator subsystem 90 of FIG. 2 has been de51gned to
effectively handle all of these functions.

The single user portion depicted in FIG. 2 1s com-
prised of a mask elbow fitting 100 adapted to be coupled
to a patient mask or endotracheal tube. The fitting 100
communicates with a breathing tube 102 which 1s
shown as including a single limb for both expiratory and
inspiratory gas movement but which can comprise sepa-
rate inspiratory and expiratory tubes. The distal end of
the breathing tube 102 is connected to the elbow fitting
100. The proximal end of the breathing tube 102 defines
a fresh gas interface port 103 which is connected to a
fresh gas interface port on the reusable portion across
the interface 80. A patient breathing bag 104 communi-
cates with breathing tube 102 close to the interface port
103. The reusable portion fresh gas interface port 105

‘opens to a fresh gas supply line 106. The single use

patient circuit additionally includes an overflow tube

108 having a tube entrance located close to the patient,

i.e. fitting 100. The proximal end of the overflow tube
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108 at interface port 107 is connected to a reusable
interface port 109 across the interface 80. Interface port
109 opens to inlet port 110 of check valve 86 which
controls the gas outflow from the patient circuit. As
will be seen, the check valve 86 and the pressure which
is applied to the patient bag 104 are controlled by the
ventilator/isolator subsystem 90 as determined by the
attending anesthetist.

" The ventilator/isolator subsystem 90 includes a rigid
container 118 in which the patient bag 104 1s accommo-
dated. Changes in pressure within the container 118 are
- transferred to the patient circuit via the flexible walls of
the patient bag. Increases or decreases in gas volume

within the patient bag are reflected by gas movement

out of or in to the rigid container 118.

Whereas the gas inlet to the check valve 86 comprises
the proximal end of the overflow tube 108, the check
valve gas outlet 120 is coupled to the ventilator/isolator
subsystem 90 communicating with the opening to rigid
container 118 and to a port 122 of a selector valve 124,
The selector valve 124 is operable to connect either a
mechanical ventilator 126 or an outside bag 128 to the
port 122. The mechanical ventilator 126 has a biased
check valve 130. The mouth of the outside bag 128 is
coupled to a biased check valve 132 via adjustable over-
flow valve 134. The mouth of outside bag 128 also
communicates with a biased check valve 138 via the
“dump” portion 140 of a “fix-it” valve which can be
operated by the user by pressing a control knob 142 to
initialize gas volume and pressure conditions in both the
ventilator/isolator and patient circuits. Pressing of the
control knob 142 also operates the “fill”’ portion 144 of
the fix-it valve which permits high pressure gas (prefer-
ably medical grade oxygen) to flow into the fresh gas
line 106 via check valve 146 and needle valve 148.

In the operation of the system of FIG. 2, the selector

valve 124 will be in the position shown for manually

assisted or controlled ventilation or spontaneous venti-
lation. In spontaneous ventilation, fresh gas will contin-
ually be supplied via tube 106 to the patient bag 104 and
breathing tube 102. Initially expired patient dead space
gas will be returned to the reservoir, 1.e. patient bag 104,
and alveolar gas will flow through tube 108 past the
check valve 86 to the ventilator/isolator circuit. Thus,
the expired gas going past the check valve 86 will, in the
embodiment of FIG. 2, function as working gas for the
ventilator/isolator subsystem. For manually assisted or
controlled ventilation, with the selector valve 124 in the
position shown, the anesthetist will squeeze the outside
bag thus closing the check valve 86 to increase the
pressure within the rigid container 118 which will be
reflected against the walls of the patient bag 104. Thus,
the squeezing of the outside bag 128 has a directly cor-

d
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liters per minute. This action also flushes the ventilator-
/isolator circuit via check valve 86. Additionally, both
the patient circuit (via check valve 86) and the ven-
tilator/isolator circuit via the biased check valve 138
are vented via dump portion 140 of the fix-it valve. The
fix-it valve is preferably configured so that the dump
portion 140 opens earlier and closes later than fill por-
tion 144. As a consequence, the initialized condition 1s
established by the biased check valve 138.

In order to operate in the mechanical ventilator
mode, the position of the selector valve 124 is changed
to disconnect the outside bag 128, (as shown in dashed
lines) and connect the ventilator 126, to the rigid con-
tainer. The mechanical ventilator 126 will then control
the pressure on the patient circuit as a consequence of
gas movement past port 122 and in to and out of the
rigid container 118. Overpressurization in the patient
and ventilator/isolator circuits will be avoided by the

~ action of the biased check valve 130 during the expira-
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responding effect on the patient bag 104. Thus, the

setting of the adjustable overflow valve 134 and biased
check valve 132 determine the pressure in both the
ventilator/isolator circuit and the patient circuit. The
outside bag 128 will provide the anesthetist with the
same tactile feedback he would get if he were squeezing
the patient bag 104 directly.

If an overpressure condition develops either in the
patient or ventilator/isolator circuit or a gas insuffi-
ciency occurs in either circuit, the user can press the
control knob 142 to flush the patient circuit, 1.e. produce
a rapid high flow rate from the high pressure gas source
into the fresh gas line 106. For example, whereas the
fresh gas flow is typically less than 10 liters per minute,
the flush flow of the patient circuit is preferably 50-70
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tion phase of the ventilator cycle. An insufficiency of
gas volume in the patient and ventilator/isolator cir-

cuits can be immediately rectified by the anesthetist

pressing control knob 142 to open valve 144 to flush
fresh gas line 106 with high pressure gas.

The system embodiment of FIG. 2 will be discussed
in greater detail in connection with FIGS. 6A-6H
which depict how the selector valve 124 and control
knob 142 are integrated into a single user control for
enhancing safe and reliable operation.

Attention is now directed to FIG. 3 which illustrates
a second system embodiment in accordance with the
present invention. The single use portion 82 of FIG. 3
(which is identical to the corresponding portion of FIG.
2) communicates across interface 8¢ with a reusable
portion 150. The reusable portion 150 differs from the
reusable portion 84 of FIG. 2 primarily as a conse-
quence of the ventilator/isolator circuit 152 using dry
medical grade oxygen for working gas (i.e. to fill the
rigid container and outside bag) whereas the ventiiator-
/isolator circuit 90 of FIG. 2 used patient expired gas
from the overflow tube 108. Use of patient expired gas
as working gas (FIG. 2) does not present a cross con-
tamination risk inasmuch as gas flow through the over-
flow tube 108 can only occur in one direction past the
check valve 86 and there is no path in FIG. 2 for the
ventilator/isolator working gas to enter the patient
circuit. However, a disadvantage of using patient ex-
pired gas for ventilator/isolator circuit working gas is
that such gas is generally of high humidity and may
have impurities, such as blood or phlegm which could,
over extended periods, affect the reliability of valving
and flows in the ventilator/isolator circuit as well as the
mechanical ventilator. Although this risk is minimal if
the reusable portion is properly maintained, the system
of FIG. 3 avoids this likelihood by using the high pres-
sure gas supply to provide working gas.

Thus, it will be noted that the system of FIG. 3 differs
from that of FIG. 2 in that instead of the check valve 86
coupled to the proximal end of overflow tube 108, a
biased balanced overflow valve 160 1s used. FIG. 3
further differs in that high pressure gas valve 164, oper-
able by control knob 166, is coupled to an additional
path comprised of check valve 168 and needle valve 170
to port 172 communicating with the upper chamber of
the balanced overflow valve 160 and the entrance to the
rigid container 174. Additionally, note that high pres-
sure working gas is supplied to port 175 in the limb of
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the adjustable overflow valve and also to the mechani-
cal ventilator to accommodate leaks.

Operation of the system of FIG. 3 is similar to that
described for FIG. 2 except that it should be noted that
when the control knob 166 is depressed, with the selec-
tor valve in the outside bag position, not only will high
pressure gas be supplied to the fresh gas line 176 for

flushing the patient circuit, but in addition high pressure

gas will be supplied via port 172 to the ventilator/isola-

tor circuit including rigid container 174 and outside bag
178. At this time, inasmuch as the pressing of the con-
trol knob 166 opened fix-it valve dump portion 180, the
gas volume in the ventilator/isolator circuit will either
increase (as a consequence of flow into port 172) or
decrease (as a consequence of outflow through check
valve 182) to thus establish the gas volume and pressure

" in the ventilator/isolator circuit at a level established by

biased check valve 182. When the control knob 166 is
depressed with the selector valve in the mechanical
ventilator position, the high pressure gas, in addition to
being supplied to fresh gas line 176, will be supplied to
the ventilator 183 to fill its bellows. In this case, the

ventilator check valve 184, rather than check valve 182,

will establish the gas volume and pressure in the ven-

tilator/isolator circuit. The ventilator/isolator circuit

pressure typically set at 1-2 cm of water, the minimum
necessary to keep the patient and outside bags full, will
also establish the pressure in the patient circuit via the
balanced overflow valve 160. It should be noted in the
systems of FIGS. 2 and 3 that out flow from the patient

overflow tube 108 does not occur during inspiration.

That is, on inspiration, check valve 86 and balanced
valve 160 are always closed. Therefore the system pref-
erentially vents alveolar gas and preserves dead space
and fresh gas to enhance efficiency.

The block diagrams of FIGS. 2 and 3 illustrate 1denti-

cal single use structural portions 82 comprised of 2-tube
patient circuits. As will be recalled, 2-tube patient cir-
cuits include a single breathing tube without inspiratory

or expiratory check valves and a single overflow tube.

Because of their simplicity, many anesthetists prefer this
type of breathing circuit. However, 3-tube circuits in
which separate inspiratory and expiratory breathing

tubes or limbs can also be used in accordance with the

invention. FIGS. 4A and 4B respectively illustrate dif-
ferent variations of such 3-tube circuits.

The patient circuits of FIGS. 4A and 4B includes a
mask elbow fitting 200 having an exit nipple 202 in-
tended to be connected to a patient mask or endotra-
cheal tube. The nonpatient end of the fitting 200 1s typi-
cally connected through a Y-piece to nipples 204 and
206. Nipple 204 is then coupled through an expiratory
valve 208, thereafter branching into overflow tube 210
and expiratory tube 212. The overflow tube 210 extends
to an interface line 214 shown in FIGS. 4A and 4B
which is intended to mate with a corresponding inter-
face line shown in each of FIGS. 6A-6H and 7A-7G.
Similarly, the expiratory tube 212 extends to the inter-
face line 214 for mating with the reusable structural
portion shown to the left of interface line 214 in FIGS.

6A-6H and 7A-7). Connected to the expiratory tube

212 is a patient breathing bag 218, identical to the
breathing bag 104 discussed in connection with FIG. 2,

and which is intended to be received in a rigid container

in the reusable structural portion to the left of the inter-
face line 214, as will be discussed hereinafter. Addition-
ally, the expiratory path 212 branches at 220 to an inspi-
ratory valve 222. An optional CQ3 absorber 224 can be
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incorporated between the expiratory path and the inspi-
ratory valve 222. Tube 226 extends to the interface 214
and as will be discussed in connection with FIGS.
6A-6H and 7A-7J, is coupled to a heated humidifier to-
the left of the interface line 214 within the reusable
structural portion. Inspiratory tube 228 emerges from
the interface line 214 and then is coupled back to the
Y-piece nipple at 206. Thus very simply, on inspiration,
gas from the patient reservoir 218 flows past the inspira-
tory valve 222 and through the optional heated humidi-
fier (FIGS. 6A-6H and 7A-7J), through tube 228 and to
the elbow fitting 200. On expiration, the patient will
expire gas past the expiratory valve 208, initially into
the patient reservoir 218 and after the reservoir is full,
along the overflow tube 210, past the interface 214 to
the reusable structural portion to be discussed.

The single use patient circuit of FIG. 4B 1s very simi-
lar to that depicted in FIG. 4A except that in lieu of the
expiratory valve 208 being connected between the
elbow 200 and the entrance to overflow tube 210, in

‘FIG. 4B the entrance 240 to the overflow tube is placed

between the expiratory valve 242 and elbow fitting 200.
The circuit of FIG. 4B may be preferred because in
systems in accordance with the invention, it exhibits the
same efficiency as the circuit of FIG. 4A and yet the
expiratory valve 242 can be located close to the anesthe-
sia machine where it’s operation can be more readily
observed by the anesthetist. Additionally, by not requir-
ing that it be located close to the mask elbow, a larger,
more reliable, lower pressure drop valve can be used.

Prior to describing the detailed operation of system
embodiment one (FIGS. 6A-6H) and system embodi-
ment two (FIGS. 7A-7J), attention is directed to FIG.
5A which illustrates an exemplary control knob subas-
sembly useful in both system embodiments. The control
knob subassembly of FIG. SA comprises a control knob
250 terminally secured to a central shaft 251 mounted
for both rotational and axial movement. A hollow cam-
shaft 252 is fitted around the shaft 251 and attached
thereto by pin 253. Pin 253 is secured to camshaft 252
and extends through an axial slot in shaft 251. Thus,
shaft 251 is able to move axially with respect to cam-
shaft 252 but the shafts are secured together for rota-
tion. ' ”

A plurality of cam members 254 A, 254B, 254C extend
radially from the camshaft 282. One or more cam {ol-
lowers 255A, 2558, 255C, 255D engage and follow the
surfaces of the cams 254. Each cam follower is respec-
tively coupled to a valve actuator 256A, 256B, 256C,
256D for controlling the ventilator/isolator functions as
will be described hereinafter in connection with FIGS.
6A-6H and TA-7].

FI1G. 5A further includes a fixedly mounted disc 257
having radial slots 258A, 258B, 258C, 258D, 258E,
formed therein as shown in FIG. 5B. The control knob
250 includes an underhanging finger 259 located so as to
normally be received in one of the slots 258 as a conse-

quence of spring 260 urging the control knob 250 axially

(upwards in FIG. 5A). As a consequence of the engage-
ment between finger 259 and the slots 258A, 2588,
258C, 258D the control knob is normally detented in a
fixed rotational position requiring that the user press the
control knob inwardly to disengage finger 259 in order
to change from certain rotational positions to other
rotational positions. However, it should be noted that
slot 2S8E defines an arcuate dimension much greater
than that of the finger 259. Thus, when finger 259 is in
slot 258E, the control knob 250 can be rotated through
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the arc of slot 258E. As will be seen hereinafter, this
position is used in a manual bag mode to vary the open-
ing of a overflow valve.

As depicted in FIG. 5A, valve bodies 261, 262 are
located in line with shaft 251 so as to be actuated when-
“ever the shaft 251 is pressed inwardly (downwardly 1n
FI1G. 5A). Valve bodies 261, 262 respectively comprise
the dump valve and fill valve portions of the fix-it valve
whose function will be discussed in significant detail in
FIGS. 6A-6H and 7A-7J.

Attention is further called to arcuate slot 263 formed
in cam 254C as shown in FIG. 5C. A pneumatic cylm-
der 264 is mounted so that cylinder lock pin 265 can
extend through slot 263. With lockpin 265 engaged 1n
slot 263, the control knob 252 can only be rotated
through the limited arc defined by the slot 263. As will
" be understood in conjunction with FIGS. 6A-6H and
7A-TJ, slot 263 permits the control knob 250 to be
moved between the auxiliary outlet and off positions
while 265 is engaged. When cylinder 264 is actuated to
withdraw from slot 263, then the user is able to rotate
the knob 250 to other rotational positions used for venti-
lating a patient. One of those positions is defined by the
slot 258E which is used to variably control an overflow
valve, as will be discussed, when operating in a manual
bag mode.

The control knob subassembly further preferably
includes a spring urged ball 266, rotatable with cam-
shaft 252, for extending into shallow depressions 267
located in fixed relationship with respect to the disc 257.
The shallow depressions 267 correspond to the slots
258. The ball/depression engagement provides the user
with a better tactile feedback when the knob 250 moves
into a detented position.

Attention is now directed to FIGS. 6A-6H which
respectively depict the active structure and operation
for each of multiple positions of the control knob 250
for system embodiment one. More specifically, the
reader should understand that FIGS. 6 A-6H are identi-

cal except that each depicts the flow paths made active

at each different position of the camshaft 252, as repre-
sented in the upper left corner of each Figure by the
position of the control knob pointer relative to a fixedly
mounted escutcheon 275 bearing position labels. The
reader should also understand that FIGS. 6A-6H depict
only the reusable portion of the system to the left of
interface line 214. The reusable portion is intended to
functionally mate with the single use portion shown to
the right of line 214 in either FIGS. 4A or 4B. It should
also be recalled that although FIGS. 4A and 4B both
- depict 3-tube patient circuits, the system 1s also compati-
ble with 2-tube patient circuits, as generally represented
in FIGS. 2 and 3, and as will be further discussed here-
inafter. It should also be recognized that the interface
line 214 depicted in FIGS. 4A, 4B and FIGS. 6A-6H is
intended to represent a functional interface. The corre-
sponding structural interface between the single use and
reusable structural portions, will be discussed hereinaf-
ter in connection with FIGS. 8-16.

FIG. 6A depicts a tube 300 forming part of the reus-
able patient circuit portion, intended to be connected to
overflow tube 210 of FIG. 4A. Tube 300 communicates
with a check valve 302. Additionally a plurality of mis-
cellaneous devices which are essentially conventional
and do not uniquely relate to the present invention are
depicted as being coupled to the tube 300. These miscel-
laneous devices include an outlet to a moisture sum, a
pressure gauge, a sensing port, an oxygen sensor, and an
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adjustable relief valve. Similarly, other devices not
critical to the novel aspects of the invention could also
be connected to the tube 300. |

The outlet side of the check valve 302 communicates
via tubing 308 with the mouth 310 of rigid container 312
adapted to receive the patient bag 218 (FIG. 4A). Note
that the tube 308 is coupled directly to the mouth 310
but that additionally a parallel path exists through an
adjustable positive end expiratory pressure (PEEP)
control device 313, a spirometer 314, and a check valve
316. A port 318 at the junction between spirometer 314
and check valve 316 communicates with the outlet of a
selector valve 320. The selector valve 320 functions to
couple either the mechanical ventilator path port 322 or
the outside bag port 324 to the port 318. As will be
discussed further hereinafter, the selector valve 320
functions to couple either the mechanical ventilator 326
or the outside bag 328 to the rigid container 312.

All of the elements discussed thus far connected to
the outlet of the check valve 302 form part of a patient
circuit control subsystem, generally referred to as the
ventilator/isolator circuit. The ventilator/isolator cir-
cuit also includes the control knob 250, camshaft 252,
and the various valves and tubing illustrated in FI1G. 6A
for controiling the flow of fresh anesthesia gas from
supply inlet 330 and high pressure gas from supply inlet
332. The primary valves shown in FIG. 6A include a
series of camshaft operated valves including auxiliary
valve 336, high pressure gas valve 338, off valve 344,
ventilator valve 342, an overflow valve 344. Each of
these valves are cam controlled and thus are responsive
to the rotational position of the camshaft 252. A turther
very significant valve, referred to as the fix-it valve 346,
is actuated in response to the user pressing the control
knob 250 axially. The fix-it valve 346 can properly be
viewed as having a dump portion for communicating
port 348 to biased check valve 350 and a fill portion or
valve 352. Other primary valves, not directly operated
by the camshaft 252 include a fresh gas valve 354 and
the aforementioned selector valve 320. Various other
valves and cylinders shown in FIG. 6A will be first
mentioned in the course of discussing each operational
mode depicted in FIGS. 6 A~6H. In the upper left hand
corner of each of FIGS. 6 A~6H, the rotational position
of the control knob 250 is shown. The axial position of
the control knob in each of the Figures can be readily

‘determined by the position of valve element 360 of the

fix-it valve 346. Thus for example only, note that when
the control knob is in its normal unpressed position, the
valve element 360 is at its leftmost position. On the
other hand, when the control knob 250 is pressed (e.g.
FIG. 6F) note that the valve element 360 1s at its right-
most position. |

FIG. 6A shows the control knob 250 in the auxiliary
outlet rotational position. It 1s assumed that a connector
body of the single use portion has not yet been properly
physically seated on the reusable portion. Thus the
seated sensor 366 is not actuated and likewise the lock-
pin cylinder 370 is unactuated thereby leaving the lock-
pin 372 in its quiescent position engaged 1n aperture 264
of camshaft disc 256. With lockpin 372 so engaged, the
control knob can not be rotated into any of the ventilat-
ing positions. In this position, the cam 374 opens the
auxiliary valve 336 in order to couple the fresh gas
supply inlet 330 to an auxiliary fresh gas outlet 376 for
incidental use by the anesthetist. Note also that cam 380
opens overflow valve 344 which enables any excess
pressure in the ventilator/isolator circuit, particularly
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the rigid container 312, outside bag 328 and tubing 382
to be evacuated past biased check valve 350. The outlet
of biased check valve 350 is preferably coupled to a

standard anesthesia scavenging system. FIG. 6A also.

shows that the fresh gas supply inlet 330 i1s made avail-
able via check valve 384 to the supply inlet of fresh gas
valve 354 which at this time is closed. The high pressure
gas inlet 338 is made available to the supply inlets of the
valves 338 and 340 which at this time are also closed.
Additionally, the high pressure gas supply inlet 332 is
coupled to the seated sensor valve 366.

FIG. 6B illustrates the control knob 250 in the same
rotational position but assumes that the single use con-
nector body has now been properly seated. As a conse-
quence, the pin 390 of the seated sensor valve 366 will
be depressed, thus closing the valve 366 and applying
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high pressure gas to lockpin cylinder 370 to thus with-

draw the lockpin 372 from disc aperture 264. This ac-
tion now frees the control knob 250 enabling the user to
rotate it to the ventilator position. It should be recalled
that in order to rotate the control knob, 1t is first neces-
sary to press it, as depicted in FIG. 5.

FIG. 6C shows the control knob 250 in the off posi-
tion. Note in this position that the auxiliary valve 336 is
no longer open. However, note that cam 394 has now
opened off valve 340 to couple high pressure gas to
eject valve 396. A user operable eject button 398 1s
provided to open the eject valve 396.

FIG. 6D is the same as FIG. 6C except that it repre-
sents eject button 398 being pressed to supply high
pressure gas to eject cylinder 400, preferably via a nee-
dle valve 402. The eject cylinder 400 operates an axially
movable pin 404, to be further discussed in connection
with FIGS. 8-16, which operates first to unlatch the
seated single use connector body and then to eject the
connector body from the reusable mounting structure

interface.
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FIG. 6E shows the control knob 250 in the mechani-

cal ventilator position. Note that in this position, cam
404 opens the high pressure gas valve 338 and cam 406
opens the ventilator valve 342. Actuation of the high
pressure gas valve 338 supplies high pressure gas (dry
medical grade oxygen) to the control port of fresh gas
valve 354. As a consequence, fresh anesthesia gas avail-
able at the supply port of valve 354 is supplied via tube
408, across the interface 214 to the single use patient
circuit (i.e. patient bag 218, tube 212 of FIG. 4A). Addi-
tionally, the open ventilator valve 342 supplies high
pressure gas to the selector valve 320 to move its valve
element to the right thus coupling ventilator port 322 to
port 318, and closing port 324 to thus effectively re-

move the outside bag 328 from the circuit. The high
pressure outlet from ventilator valve 342 is also supplied

to the ventilator 326 for power. With this configuration,
the pressure and volume in the rigid container 312, and
as reflected in the patient bag 218, will be determined by
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the ventilator 326. Note that the patient expired gas
exiting the overflow tube 210 (FIG. 4A) will flow past

the check valve 302 into the tube 308 for use as ven-
tilator/isolator circuit working gas. In this configura-
tion, the biased check valve 410 of the ventilator 326
will function as the overflow valve for the ventilator-
/isolator circuit.

FIG. 6F shows the control knob 250 in the same
ventilator position as represented in FIG. 6E but differs

from 6E in that now the control knob 250 has been
pressed to actuate the fix-it valve 346. Actuation of the
fix-it valve in this condition, opens the full valve portion
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352 to supply a high flow rate of high pressure gas, via
the needle valve 412 and check valve 414 to the fresh
gas valve 354. At this time, the fresh gas valve 354 is
open and the addition of the high flow rate out of the
valve 354 acts to flush both the patient circuit via tube
408 and the ventilator/isolator circuit as a consequence
of the high gas flow rate returning via overflow tube
210 and check valve 302. For example only, the high
flow rate supplied by fix-it valve 352 through gas valve
354 to the tube 408 can be on the order of 50-70 liters
per minute whereas the normal fresh gas flow rate to
the tube 408, as in FIG. 6E, is typically less than 10 liters
per minute. Note further that as a consequence of the
high pressure flow to the patient circuit and to the ven-
tilator/isolator circuit, both circuits will be filled with
gas, the ventilator bellows 420 will be inflated and the
setting of the ventilator biased check valve 410 will
determine the gas volume and pressure in both the pa-
tient and ventilator/isolator circuits. Thus, it 1S impor-
tant to appreciate that as a consequence of pressing the
control knob 250 to actuate the fix-it valve 346, the gas
volume and pressure in both circuits can be rapidly
adjusted to a predetermined level which, it will be re-
called, has been referred to as an initialized condition. .
This feature of the system is extremely useful to an

" anesthetist because should any problem develop in the

patient circuit or ventilator/isolator circuit, e.g. exces-
sive pressure or insufficient gas volume in either, the
condition can be immediately rectified by pressing the
single control knob 250. |

FIG. 6G shows the control knob 250 moved to the
manual bag position. In this position, the cam 380 vani-
ably opens the overflow vaive 344 as the control knob
250 and camshaft 252 are rotated. Note that in FIG. 6G,
the selector valve 320 is in its unactuated position
thereby communicating outside bag port 324 with port
318. This action removes the ventilator 326 from the
circuit and instead connects the outside bag 328 to the
ventilator/isolator circuit for controlling the gas vol-
ume and pressure in the rigid container 312. With the
conditions shown in FIG. 6G, the anesthetist is now
able to squeeze the outside bag 328 while also operating
the variable overflow valve 344 (via the control knob
250) to control the pressure and volume in the patient
and - ventilator/isolator circuits. The outside bag 328
provides a tactile feedback to the user corresponding
exactly to the action of the patient bag 218. Thus, as the
user squeezes the outside bag 328, gas will be forced
into the rigid container 312 and thus out of the patient |
bag 218. By controlling the overflow valve 344, the user
is able to maintain a desired gas volume in the outside
bag 328 and thus also the volume in the breathing bag
218. For example, if on patient expiration, the outside
bag 328 is not being filled sufficiently, the user will close
down the overflow valve 344. The pressure within the
outside bag 328, when filled, is determined by the biased
check valve 350. Note that when the patient is breath-
ing spontaneously, overflow will occur through the
overflow valve 344 and biased check valve 350 on expi-
ration. On the other hand, when the patient is being
assisted, i.e. the outside bag 328 is being squeezed, over-
flow will primarily occur during inspiration. The anes-
thetist can also operate in the manual bag mode to con-
trol, as contrasted with assisting, the patient’s breathing,
as for example in a situation where the patient is para-
lyzed. When operating in the manual bag controlied
mode, overflow occurs via the overflow valve 344, just
as in the manually assisted mode, primarily when the
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outside bag 328 is squeezed during inspiration by the
patient.

It should be noted that overflow from the ventilator-
/isolator circuit past overflow valve 344 will occur
primarily during the inspiration phase, i.e. when bag 328 5
is being squeezed. On the other hand, overflow from the
patient circuit past check valve 302 occurs only during
the expiration phase.

FIG. 6H shows the control knob 250 in the manual
bag position, as in FIG. 6G, but with the control knob
depressed to actuate the fix-it valve 346 and to open the
port 348 to the biased check valve 350. The opening of
the fill valve position 352 of the fix-it valve 346 supplies
a high pressure flow to the fresh gas valve 354 to flush
both the patient and ventilator/isolator circuits as was 15
described in connection with FIG. 6F. Additionally, in
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the condition of FIG. 6H, the ventilator/isolator cir-
cuit, which here includes the outside bag 328, 1s vented
from a port 348 past the dump portion of fix-it valve
346, i.e. open valve element 360, to the biased check
valve 350. Consequently, the gas volume and pressure
within the wventilator/isolator circuit will adjust to a
level defined by the biased check valve 350, provided
there is sufficient high pressure flow to the patient cir-
cuit via the fresh gas valve 354. Accordingly, it should
again be recognized and appreciated that depression of
the control knob 250 to actuate the fix-it valve 346
rapidly fills or dumps gas into or out of the patient
circuit and ventilator/isolator circuit to adjust it to
appropriate predetermined, i.e. initialized, conditions.

The following table I summarizes the valve actions
for each of FIGS. 6A-6H.

6D

6C

FiG. A 6B
- CONTROL KNOB POSITION Auxilliary  Auxilliary Off Off
VALVE AND CYLINDER | outlet outlet -
OPERATION DISPOSABLE IN PLACE No Yes Yes Yes
NAME ACTION FLUSH VALVE PRESSED
Seated Sensor When Disposable Circuit is seated, high pressure > ¢ “
3-Way Valve gas goes to Lockpin Cylinder.
Lockpin Cylinder Lockpin restricts Control Knob to Auxilliary Qutlet in {(Locked) Out Out Qut
Pneumatic Actuation  and Off Positions.
Off Valve Sends high pressure gas to Disposable Circuit Eject © @
3-Way-Cam Actuated Button.
Eject Button Sends high pressure gas to the Eject Cylinder. ®
3-Way Valve
Manual Actuation
Eject Cylinder Unlocks and ejects Disposable Circuit. ©
Pneumatic Actuation
Auxil. Fresh Gas Sends Fresh Gas to the Auxilliary Outlet. @ "
Valve 2-Way-Cam
Actuated
High Press. Gas Sends high pressure gas to the Ventilator(s),
Valve 3-Way-Cam Fresh Gas(c) & Flush(s) Valves
Actuated
Fresh Gas Valve Sends Fresh Gas to Disposable Patient Circuit.
2-Way Pneumatic
Flush(Fix-it)Valve. Sends high pressure gas to: Patient No Gas No Gas No Gas = No Gas
Plunger Actuated. Circuit & opens the Outside Bag Dump Path. Supply Supply Supply Supply
Outside Bag Dump,
Check Valve &
2-Way Valve
Ventilator Valve Sends high pressure gas to Ventilator & to move
J-Way-Cam Actuated Selector Valve from Bag to Ventilator Position.
Selector Valve & Connects either Qutside Bag or the Ventilator to Bag Bag Bag Bag
Cyhnder. 2-Way, the V/I Circuit.
Pneumatic Actuation
V/1 Overflow Valve  Vents excess gas from the V/I Circuit. Open Open Open ‘Open
& Biased Check Variable-Open to closed.
Valve.
Manual Actuation
FI1G. 6k 6F 6G 6H
CONTROL KNOB POSITION Ventilator Ventilator  Manual Manual
VALVE AND CYLINDER Bag Bag
OPERATION DISPOSABLE IN PLACE Yes Yes Yes Yes
NAME ACTION FILUSH VALVE PRESSED @ ®
Seated Sensor When Disposable Circuit is seated, high pressure ¢ ke @ ?
3-Way Valve gas goes t0 Lockpin Cylinder.
Lockpin Cylinder Lockpin restricts Control Knob to Auxilhary Qutlet Out Out Cut Out
Pneumatic Actuation  and OfT Positions.
Off Valve Sends high pressure gas to Disposable Circuit Eject
3-Way-Cam Actuated  Button.
Eject Button Sends high pressure gas to the Eject Cylinder.
3-Way Valve
Manual Actuation
Eject Cylinder Unlocks and ejects Disposable Circuit.
Pneumatic Actuation
Auxil. Fresh Gas Sends Fresh Gas to the Auxilliary Outlet.
Valve 2-Way-Cam
Actuated
High Press. Gas Sends high pressure gas to the Ventilator(s), ° “ & ©

Valve 3-Way-Cam Fresh Gas(c) & Flush(s) Valves
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TABLE I-continued

VENTILATOR-ISOLATOR
M

Actuated

Fresh Gas Valve
2-Way Pneumatic
Flush(Fix-it)Valve.
Plunger Actuated.
Qutside Bag Dump,
Check Valve &
2-Way Valve
Ventilator Valve
3-Way-Cam Actuated
Selector Valve &
Cylinder. 2-Way,
Pneumatic Actuation
V/1 Overflow Valve
& Biased Check
Valve.

Manual Actuation

Sends Fresh Gas to Disposable Patient Circuit.

Sends high pressure gas to: Patient
Circuit & opens the Qutside Bag Dump Path.

Sends high pressure gas to Ventilator & to move

Connects either Outside Bag or the Ventilator to
the V/1 Circuit. i

Vents excess gas from the V/I Circuit.
Vartable-Open to closed.

Selector Valve from Bag to Ventilator Position.

L L x x
Dump Not * *
in Circuit  Dump Not
in Circuit
x E
~Ventilator  Ventilator Bag Bag
Open Open Variable Vanable
Not in Not in
Circuit Circuit

It is pointed out that in order for the system of FIGS.
6A-6H to operate most effectively, the volumes of the 20
outside bag 328 and patient bag 218 should be the same.
Additionally, it is preferable that the patient bag 218 be
formed of nondistensible material. The outside bag 328
preferably comprises a distensible breathing bag having
the same tactile characteristics as conventional bags 25
familiar to anesthetists.

Before proceeding to a discussion of the second sys-
tem embodiment depicted in FIGS. 7A-7], attention 1s
directed to the aforementioned path in the ventilator-
/isolator circuit defined by the adjustable positive end
expiratory pressure (PEEP) device 313, the spirometer
314, and the check valve 316. The purpose of the PEEP
device 313 is to assure a positive end expiratory pres-
sure in the patient overflow tube 210, and also in the
patient bag 218, against which the patient breathes out.
The check valve 316 in the lower limb of the parallel
path shown in FIG. 6A is provided so that the gas flow
into the rigid container 312 is unencumbered. The pur-
pose of the spirometer 314 is to measure the volume of

30

gas either inhaled or exhaled by the patient. Note that 40

by locating the spirometer where indicated in FIG.
6A-6H, it is able to measure the volume of patient ex-
pired gas and yet not be crosscontaminated inasmuch as.
patient inspired gas does not come into contact with the
spirometer. In the configuration shown, the spirometer 45
314 can be considered as measuring two gas component
volumes on expiration. First, as the patient expires gas,

he fills the patient bag 218, thus displacing some gas
from the rigid container 312 through the spirometer.
After the patient bag 218 fills, additional expired gas, 50
and also any excess fresh gas, flows through the over- -
flow tube 210, past the check valve 302, and then past
the PEEP device 313 and the spirometer 314. The com-
bined flow through the spirometer from the rigid con-
tainer 312 and the patient overflow tube 210 gives an
indication of the volume of expired gas, which in fact is
greater than the actual volume of expired gas by the
amount of fresh gas supplied during expiration.

In the system of FIGS. 6A-6H, it shouid be noted
that the working gas for the ventilator/isolator circuit 1s
derived via the patient overflow tube 210 and check
valve 302. This gas of course includes patient expired
gas which is generally humid and contaminated. Ac-
cordingly, over an extended period of use, the reliability
of the vartous valve mechanisms, the mechanical venti-
lator 326, etc. could be adversely effected. Accord-
ingly, the second system embodiment, depicted iIn
FIGS. 7A-7), uses high pressure dry oxygen for the
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ventilator/isolator circuit working gas thereby further
enhancing system reliability. -

Comparing FIG. 7A to FIG. 6A, certain structural
differences should be noted. Initially, in lieu of the
check valve 302 in the patient circuit, a balanced over-
flow valve 500 is used. The balanced overflow valve
500 includes a diaphragm 502 defining an upper cham-
ber 504. The gas pressure in the chamber 504 will be the
same as that in the rigid container 312 as a consequence
of tube 506. When the pressure in chamber 504 1s suffi-
ciently high, it will seal closed the patient overflow tube
210 and connected reusable overflow tube 3060. When
the pressure in the overflow tube 300 exceeds the pres-
sure in chamber 504, then tube 300 is vented to the
scavenging system as depicted in FIG. 7A. FIG. 7A
further differs from FIG. 6A in that a cam operated
working gas valve 510 is introduced. The supply port of
gas valve 510 is derived' from the outlet of the high
pressure gas valve 338. The outlet of the working gas
valve 510 is supplied via tube 512 to the ventilator-
/isolator circuit, at port 514. A needle valve 516 is pref-
erably included between the working gas valve outlet
and port 514. One further structural change to be noted
in FIG. 7A is that the outlet of the fill portion 352 of
fix-it valve 346 is additionally coupled through needle
valve 518 and check valve 520 to the tube 512 and port
S514.

The operation of the second system embodiment as
depicted in FIGS. 7A-7D is identical to the operation
of the first system embodiment depicted in FIGS.

6A-6D. Accordingly, the detailed description of the
‘second embodiment will begin with FIG. 7E.

Further note in FIG. 7A that the escutcheon plate
521 around the control knob 250 defines an additional
position as contrasted with the embodiment of FIG. 6A;
i.e. an automatic bag position. FIG. 7E shows the con-

trol knob 250 in the automatic bag position at which

high pressure gas valve 338 is cammed open thus sup-
plying high pressure gas to the control port of the fresh
gas valve 354 to thereby supply fresh anesthesia gas to
the patient circuit via tube 408. In this automatic bag
ventilating mode, the anesthetist can squeeze the out-
side bag 328 to pressurize the rigid container 312 to thus
effectively squeeze the patient bag 218. Assuming no
leaks in the system, the squeezing pressure applied to
the outside bag 328 is correspondingly transferred to
the patient bag. Note further that in this automatic bag
mode, the overflow valve 384 is closed so that no gas i1s
being vented from the ventilator/isolator circuit. Also
note that no gas is being supplied to the ventilator/isola-
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tor circuit, i.e. outside bag 328, rigid container 312, etc.
Thus, the ventilator/isolator circuit is essentially sealed.
Assuming no leaks, the anesthetist will be able to manu-
ally squeeze the outside bag to correspondingly affect
the patient bag without adjustment of any valves. Ex-
cess fresh gas supplied to the patient circuit will be
vented via the patient overflow tube 210 and the bal-
anced overflow valve 500 to the scavenging system.
The automatic bag mode can be used by the anesthetist
for manually assisted, manually controlled, or spontane-
ous ventilation with the anesthetist monitoring the pa-
tient’s breathing, both visually and tactually, with refer-
ence to the outside bag 328. The spirometer 314 in this
mode of operation reads only the displacement of the
gas from the rigid container 312 which is exactly equal
- to the changes in volume of the patient bag 218. Thus,
the spirometer will read low by the amount of fresh gas
that flows into the patient circuit during inspiration.
FIG. 7F shows the automatic bag mode, as in FIG.
7E but additionally shows that a control knob 250 has
been pressed to actuate the fix-it valve 346. Note that
this action opens the fill valve 352 to supply high pres-
sure gas to the supply port of the fresh valve 354 to flush
the patient breathing circuit. The excess fresh gas sup-

plied to the patient breathing circuit is vented via the

balanced overflow valve 500 to the scavenging system.
In order to also assure that the ventilator/isolator cir-
cuit is filled, note that the high pressure gas flowing out

of the fix-it valve portion 356 will also be supplied via °

needle valve 518 and check valve 520 to the port 514 to

fill the outside bag 328 and rigid container 312. Thus,

when the control knob is pressed, if the patient circuit
and/or ventilator/isolator circuit contained an insuffi-
cient gas volume, the high gas flow rate via fill valve
352 will rapidly refill the circuits. Note also that the
dump portion of the fix-it valve, that 1s the communica-
tion from port 348 to the biased check valve 350 is also
open when the control knob 230 is depressed. Thus, the
biased check valve 350 will effectively limit or establish
the gas volume and pressure in the ventilaior/isolator
circuit. It should be appreciated at this point that this
gas volume and pressure established by the biased check
valve 350 comprises the predetermined level which has
sometimes here and before been referred to as the ini-
tialized condition. Inasmuch as the ventilator/i1solator

circuit communicates with the upper chamber 504 of

the balanced overflow valve 500, via tube 506, biased
check valve 350 will thus also set the initialized condi-
tion for the patient circuit. It should be noted that the
inclusion of the needle valve 518, as well as the needle
valve 412, enables the rate of filling the ventilator/isola-
tor circuit and patient circuit, respectively, can be ad-
justed. Preferably, this would be a factor for a field
technician adjustment. |

FIG. 7G shows the control knob 250 in the mechani-
cal ventilator position. In this mode, the working gas
valve 510 is cammed on to supply working gas to the
ventilator/isolator circuit via needle vaive 516 (which is
depicted as comprising two needle valve portions in
series where it may be desirable to enable one to be
factory or field technician adjustable and the other to be
user adjustable) and then to port 514 for supply to the
ventilator/isolator circuit. Also note in FIG. 7G that
the ventilator valve 342 1s cammed on to supply power
gas to the ventilator and in addition to actuate selector
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valve 320. Note that actuation of selector valve 320
effectively removes the outside bag 328 from the ven-
tilator/isolator circuit. Accordingly, the gas pressure
and volume in the ventilator/isolator circuit will be
controlled by the mechanical ventilator 326 and the
ventilator biased check valve 410. The pressure in the
ventilator/isolator circuit will, of course, be communi-
cated via tube 506 to the upper chamber 504 of the
balanced overflow valve 500 and thereby also deter-
mine the pressure of the patient circuit. As the ventila-
tor periodically increases and decreases the pressure in
the rigid container, the patient bag 218 will be corre-
spondingly squeezed. The spirometer 314 will measure
the gas exhausted from the rigid container 312 which
will thus be a measure of the volume of gas transferred
from the patient bag 218 to the patient. Thus the spirom-
eter will underread the patient inspired gas by the
amount of fresh gas supplied via tube 408 during inspira-
tion. | .

FIG. TH also shows the control knob in the venttlator
position but note that it has now been pressed {0 open
the fill portion 352 of the fix-it valve 346. As aforedes-
cribed, this action will provide a high rate of gas flow
via the fresh gas valve 354 to the patient circuit and via
the needle valve 518 and port 514 to the ventilator-
/isolator circuit. As a consequence of the valve 500, the
ventilator/isolator circuit pressure will establish the
pressure in the patient circuit. The pressure in volume in
the ventilator/isolator circuit in FIG. 7H will be deter-
mined by the ventilator biased check valve 410.

FI1G. 7I shows the control knob 250 moved to the
manual bag position. Note here that the high pressure
gas valve 338 and working gas valve 510 are still
cammed on to the supply working gas to the ventilator-
/isolator circuit via port $14. Also note that the position
of the selector valve 320 removes the ventilator 326
from the ventilator/isolator circuit. Thus, the ven-
tilator/isolator circuit pressure can be controlled by the
anesthetist squeezing the outside bag 328. Note also that
the overflow valve 344 i1s also cammed on enabling the
user, by rotating control knob 250, to control the over-
flow out of the wventilator/isolator circuit. Conse-
quently, by squeezing the bag 328 and adjusting the
overflow valve 344, the user can readily control the
action in the patient circuit, relying on the user’s visual
ang tactile response to the outside bag. The spirometer
314 will function as previously described in connection
with FIG. 7G. * | |

FIG. 7J shows the control knob 250 still in the man-
ual bag positton but now with the control knob pressed
to actuate the fix-it valve 346, open the fill portion 352,
and open the dump pathway via port 348 to the biased
check valve 350. From what has previously been said, it
should now be recognized that this action supplies a
high gas flow rate to both the patient circuit and ven-
tilator/isolator circuit to thus fill both circuits to the
predetermined initial condition set by the biased check
valve 350. That s, the pressure set by the biased check
valve 350 and the ventilator/isolator circuit will be
reflected in the patient circuit as a consequence of use of
the balanced overflow valve 500.

The following table II summarizes the valve actions
of system embodiment two in each of the configurations

shown 1in FIGS. TA-17].
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TABLE II
VENTILATOR-ISOLATOR
FIG. TA 7B 7C D
CONTROL KNOB POSITION Auxilliary  Auxilliary Off Off
VALVE AND CYLINDER outlet outlet
__________OPERATION _ DISPOSABLE IN PLACE No Yes Yes Yes
NAME ACTION FLUSH VALVE PRESSED
Seated Sensor When Disposable Circuit is seated, high pressure * * *
3-Way Vaive gas goes to Lockpin Cylhinder.
Lockpin Cylinder Lockpin restricts Control Knob to Auxilliary Outlet in (Locked) Out Out Out
Pneumatic Actuation  and Off Positions.
Off Valve Sends high pressure gas to Disposable Circuit Eject * *
3-Way-Cam Actuated  Button.
Eject Button Sends high pressure gas to the Eject Cylinder. ®
3-Way Valve
Manual Actuation
Eject Cylinder Unlocks and ejects Disposable Circuit. *
Pneumatic Actuation
Auxil. Fresh Gas Sends Fresh Gas to the Auxilliary Qutlet. * *
Valve 2-Way-Cam
Actuated
High Press. Gas Sends high pressure gas to the Ventilator(s),
Valve 3-Way-Cam Fresh Gas(c) & Flush(s) Valves
Actuated
Fresh Gas Valve Sends Fresh Gas to Disposable Patient Circuit.
2-Way Pneumatic
Working Gas Valve Sends Working (High Pressure) Gas to: V/I Circutt
2-Way-Cam Actuated
Flush(Fix-it)Valve. Sends high pressure gas to: V/I circuit, Patient No Gas No Gas No Gas  No Gas
Plunger Actuated. Circuit & opens the Qutside Bag Dump Path. | Supply Supply Supply Supply
Outside Bag Dump,
Check Valve &
2-Way Valve
Ventilator Valve Sends high pressure gas to Ventilator & to move
3-Way-Cam Actuated Selector Valve from Bag to Ventilator Position.
Selector Valve & Connects either Outside Bag or the Ventilator to Bag Bag Bag Bag
Cylinder. 2-Way, the V/I Circuit.
Pneumatic Actuation
V/1 Overflow Valve  Vents excess gas from the V/I Circuit. Open Open Open Open
& Biased Check Variable-Open to closed.
Valve
Manual Actuation
FIG. 7E 7F 7G
CONTROL KNOB POSITION Automatic Automatic  Ventilator
VALVE AND CYLINDER Bag Bag
OPERATIONAL | DISPOSABLE IN PLACE Yes Yes Yes
NAME ACTION FLUSH VALVE PRESSED *
Seated Sensor When Disposable Circuit is seated, high pressure * . *
3-Way Valve gas goes to Lockpin Cylinder. |
Lockpin Cylinder Lockpin restricts Control Knob to Auxilliary Outlet Out Out Out .
Prnieumatic Actuation and Off Positions.
Off Valve - Sends high pressure gas to Disposable Circuit Eject
3-Way-Cam Actuated Button.
Eject Button Sends high pressure gas to the Eject Cylinder.
3-Way Valve
Manual Actuation
Eject Cylinder Unlocks and ejects Disposable Circuit.
Pneumatic Actuation
Auxil. Fresh Gas Sends Fresh Gas to the Auxilliary Qutlet.
Valve 2-Way-Cam
Actuated - |
High Press. Gas Sends high pressure gas to the Ventilator(s), ¢ . *
Vailve 3-Way-Cam Fresh Gas(c) & Flush(s) Valves
Actuated
Fresh Gas Valve Sends Fresh Gas to Disposable Patient Circuit. . . .
2-Way Pneumatic
Working Gas Valve Sends Working (High Pressure) Gas to V/I Circuit .
2-Way-Cam Actuated
Flush(Fix-it)Valve. Sends high pressure gas to: V/1 circuit, Patient . * Dump Not
Plunger Actuated. Circuit & opens the Qutside Bag Dump Path. in Circuit
Qutside Bag Dump,
Check Valve &
2-Way Valve
Ventilator Valve Sends high pressure gas to Ventilator & to move *
3-Way-Cam Actuated Selector Valve from Bag to Ventilator Position.
Selector Valve & Connects either Qutside Bag or the Ventilator to Bag Bag Ventilator
Cylinder. 2-Way, the V/1 Circuit. |
Pneumatic Actuation
V/I Overflow Valve Vents excess gas from the V/I Circuit. Closed Closed Open
& Biased Check Variable-Open to closed. Not in -

Valve | | Circuit
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TABLE II-continued
VENTILATOR-ISOLATOR

Manual Actuation

FIG. TH 71 7]

CONTROL KNOB POSITION Ventilator  Manual Manual

VALVE AND CYLINDER Bag Bag

__________OPERATION DISPOSABLE IN PLACE Yes Yes Yes
NAME ACTION FLUSH VALVE PRESSED ® ¢
Seated Sensor When Disposable Circuit is seated, high pressure " ¢ ®
3-Way Valve gas goes to Lockpin Cyhnder.
L.ockpin Cylinder Lockpin restricts Control Knob to Auxilliary Outiet Out Out Out
Pneumatic Actuation and Off Positions.
Off Valve Sends high pressure gas to Disposable Circuit Eject
J-Way-Cam Actuated Button.
Eject Button Sends high pressure gas to the Eject Cylinder.
3-Way Valve
Manual Actuation
Eject Cyhnder Unlocks and ejects Disposable Circuit.
Pneumatic Actuation
Auxil. Fresh Gas Sends Fresh Gas to the Auxilliary Outlet.
Valve 2-Way-Cam
Actuated
High Press. Gas Sends high pressure gas to the Ventilator(s), @ " ©
Valve 3-Way-Cam Fresh Gas(c) & Flush(s) Valves
Actuated
Fresh Gas Valve Sends Fresh Gas to Disposable Patient Circuit. i ° ¢
2-Way Pneumatic *
Working Gas Valve Sends Working (High Pressure) Gas to V/I Circuit . ¢ ¢
2-Way-Cam Actuated
Filush(Fix-it)Valve. Sends high pressure gas to:V/I Circuit, Patient ¢ ®
Plunger Actuated. Circuit & opens the Qutside Bag Dump Path. Dump Not
Qutside Bag Dump, in Circuit
Check Valve &
2-Way Vajve
Ventilator Valve Sends high pressure gas to Ventilator & to move ¢
3-Way-Cam Actuated Selector Valve from Bag to Ventilator Position.
Selector Valve & Connects either Qutside Bag or the Ventilator to Ventilator Bag Bag
Cylinder. 2-Way, the V/I Circuit.
Pneumatic Actuation
V/1 Overflow Valve Vents excess gas from the V/I Circuit. Open Variable  Variable
& Biased Check Variable-Open to closed. Not in
Valve Circuit

Manual Actuation

Attention i1s now directed to FIGS. 8-14 which de-
pict a preferred structural embodiment of the single use
portion of the patient circuit, implementing, for exam-
ple, the circuit schematically shown in FIG. 4A. More
particularly, the single use portion 600 is shown as in-
cluding first and second corrugated tubes 602 and 604
connected between a Y-piece 605 and a connector body
606. The Y-piece 605 1s intended to be connected to a
mask elbow fitting and then to a mask 608 or endotra-
cheal tube (not shown). The Y-piece is shown as includ-
ing ports 610, 612, and 614. Tube 602 extends from a
fitting 616 on the connector body through a coupling
including inspiratory valve 618 and then to the port 614

on Y-piece 605. The tube 604 extends from the port 612

on Y-piece 605 through a coupling including expiratory
valve 620 to fitting 622 on the connector body 606.
FIG. 10 best shows the structure of connector body
606. Note that it includes two substantially cylindrical
structures 630 and 632. When seated in place on the
reusable mounting structure (633 in FIGS. 12-14), the
cylindrical portion 630 caps the rigid container 634
which, it will be recognized, corresponds to the rigid
container 312 referred to in the system diagrams of
FIGS. 6A-6H and 7A-7J. The cap portion 630 includes
a depending nipple 636 around which the mouth of the
patient bag 638 1s secured. For enhanced reliability and
lower cost, the bag 638 does not require a cuff but in-
stead can be directly bonded to nipple 636. The patient
bag 638 corresponds to the patient bag 218 referred to 1n
the schematic diagram of FIG. 4A. Note in FIG. 10 that
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the nipple 636 communicates via a passageway 640 with
the proximal end of inspiratory tube 602.

The cylindrical portion 632 of the connector body
606 defines three depending open nipples 650A, 652A
and 654A. Note that nipple 650A communicates with
the inspiratory tube 602 via the aforementioned pas-
sageway 640.

In accordance with a preferred configuraiion of the
single use patient circuit 600, the patient overflow tube
(210 in FIG. 4A) is threaded through the expiratory
tube 604. Thus, as can be seen in FIG. 10, a tube 656 1s
provided extending the full length of tube 604 from the
expiratory valve 620 to the connectior body 606. More
particularly, the valve 620 (FIG. 9) is housed in fitting
655 having a first tubular end 656, preferably bonded to
the Y-piece 605. The proximal end of fitting 655 termi-
nates in spaced concentric nipples 657, 658. The distal
end of expiratory tube 604 is preferably bonded to the
outer nipple 657 providing a gas passageway from tube
604, through the space between nipples 657 and 658, to
the valve 6206. The overflow tube 656 is fitted on and
preferably bonded to inner nipple 658.

The proximal end of expiratory tube 604 is fitted
around and preferably bonded to nipple 622 on connec-
tor body 606. An inner ntpple 660 1s concentrically
mounted within nipple 622 in communication with nip-
ple 652A. The distal end of overflow tube 656 is
mounted on and preferably bonded to nipple 660 to thus
communicate it with nipple 652A.
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The proximal end of inspiratory tube 602 1s prefera-
bly removably mounted on nipple 662 of inspiratory
valve fitting 663 to enable the tube 602 to be coupled to
the heated humidifier apparatus of FIGS. 6A-6H an
7A-7). The heated humidifier apparatus is of conven-
tional design and includes a single use cartridge.

In accordance with a further aspect of the preferred
single use patient circuit 600, an end expiratory moni-

toring tube 664 1s threaded through the expiratory tube

604 extending from beyond the port 610 1n the Y-piece

10

605 to the nipple 654A (FIG. 10) past the expiratory -

valve 620.
The connector body 606 1s configured so that when 1t

i1s properly seated on the mounting structure of the
reusable portion, all of the nipples 650A, 652A, 654A
mate with corresponding tubular openings 650B, 652B,
- 654B in the reusable mounting structure 633 (FIGS.
12-14). Nipple 650B opens to the fresh gas supply, e.g.
408 in F1G. 6A. Nipple 652B opens to the overflow tube
300 in FIG 6A. Nipple 654B communicates with a tube
(not shown) extending through the control arm 50
(FIG. 1), emerging therefrom at 46 for coupling to
instruments 44.

‘The connector body 606 is additionally configured so
that when placed on the reusable mounting structure, 1t
is automatically latched in place and cannot be removed
until the aforementioned eject button 398 is depressed
(FIG. 6D).

Attention is particularly directed to FIGS. 12 and 14
which illustrate the structural interface between the
connector body 606 and the reusable mounting struc-
ture 633. Imitially note in FIG. 14 that the reusable
mounting structure 633 includes a slide member 672
connected to an axial pin 674 associated with a pneu-
matic cylinder 676. Note that the pin 674 and cylinder
676 respectively correspond to the pin 401 and cylinder
400 referred to in FIG. 6D. The pin 674 is axially spring
urged to the left (as seen in FIG. 14) and is moved to the
right when the cylinder 676 is actuated. Note that the
slide 672 has a first inclined surface 680. Also note that
the slide 672 includes a projecting latch member 682
having an inclined upper surface 684. Note also in FIG.
14 that a pin 686, associated with a valve body 690 is
located beneath the latch member 682. The pin 686 and
valve body 690 correspond respectively to the pin 390
and seated sensor valve 366 previously discussed iIn

connection with FIG. 6B. When the pin 686 i1s in the

position depicted in FIG. 14, the seated sensor valve
366 is open.

The connector body 606 further includes a depending
member 694 having a ramp surface 696. The member
694 1s undercut to define a slot 698 for receiving the

latch member 682. The member 694 terminates in a

projection 702 having a flat surface 704.
With reference to FIG. 14, assume now that the con-
nector body 606 is lowered onto the mounting structure

670, with the nipples 650A, 652A, 654A respectively
extending into tubular openings 650B, 652B, 654B, as

represented by the arrow 700. As the connector body 1s
lowered, the flat portion 704 of the depending ramp
member 694 will contact the inclined surface 684 of the
latch member 682 to thus move the slide 672 to the right
against 1ts spring urging. After the projection 702

moves past the latch member 682, the spring bias will

force the slide 672 to the left moving the latch member
682 into the slot 698 of the connector body as depicted
in FIG. 12. With connector body 606 so latched to the
mounting structure 670, as a consequence of the inter-
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ference between the latch member 682 and projection
702, the connector body, once seated, cannot be manu-
ally removed. Note also that as a consequence of plac-
ing the connector body 606 on the mounting structure
670, the pin 686 i1s depressed by flat portion 704 to thus
open the valve 366 (F1G. 6B). With the connector body
606 so mated to the reusable mounting structure 633, the
aforementioned nipples 650A, 652A, and 654A will be
automatically mated to the tubular openings 652B, 652B
and 654B 1n the reusable portion.

In order to unlatch the connector body 606, 1t will be
recalled from FIG. 6D that the eject button 398 1s de-
pressed to actuate the eject cylinder 400. The schemati-
cally illustrated eject cylinder 400 in FIG. 6D corre-
sponds to the structural cylinder 676 illustrated in FI1G.
14. Actuation of the cylinder 676 pulls the axial pin 674
to the right (FIG. 14) thus pulling the latch member 682
out of the slot 698 thereby freeing the projection 702
enabling the connector body 606 to be lifted from the
reusable mounting structure 670. In addition to unlatch-
ing the connector body, in accordance with the pre-
ferred embodiment disclosed in FIGS. 8-14, actuation
of the cylinder 676 to pull the slide 672 to the right, also
pulls inclined surface 680 into contact with ramp sur-
face 692 on the connector body 606. Thus, after the
latch member 682 has first been withdrawn from the
slot 698, the engagement of inclined surface 680 against
the ramp surface 696 will force the connector body 606
upwardly, that 1s, ejecting it from the reusable mounting
structure 633.

It will be recalled from FIGS. 4A and 4B that under
some circumstances, it may be desirable to incorporate
CO; absorber material into the patient circuit. In order
to permit a CO; absorber canister to be used 1n conjunc-
tion with the 3-tube patient circuit of FIGS. 8-14, the
connector body 606 is provided with a removable cap
710. An open nipple 712, communicating with the pas-
sageway 640 (and thus with patient bag nipple 636, fresh
gas nipple 650A, an inspiratory tube 602) is located
immediately beneath the cage 710 for mounting the
CO, canister.

It will be recalled that systems in accordance with the
present invention do not require the use of 3-tube pa-
tient circuits as shown in FIGS. 8-14 but are readily
compatible with 2-tube patient circuits (common inspi-
ratory and expiratory tube) as was previously indicated
in connection with FIGS. 2 and 3. FIGS. 15-17 depict
a compatible 2-tube structure whose connector body is
identical to that shown in FIGS. 8-14 and which differs
therefrom in that the connector body nipple 616 is
capped and the single breathing tube does not include
either an inspiratory or expiratory check valve. The
overflow tube and end expiratory monitoring tube are
threaded through the single breathing tube as depicted.

Attention is now directed to FIGS. 15-17 which
tllustrate a preferred implementation of a single use
2-tube patient circuit 720. The 2-tube implementation is
very similar in construction to the 3-tube implementa-
tion 600 depicted in FIG. 8 except that in lieu of using
separate breathing tubes 602, 604 respectively having
inspiratory and expiratory valves 618 and 620, the 2-
tube implementation 720 includes a single breathing
tube 722 which includes no valves. The tube 722 ex-
tends between fitting 724 on the connector body 726

‘and an adaptor 728 (in lieu of the Y-piece shown in FIG.

8) coupled to elbow 730. The fitting 724 of the connec-
tor body 726 1s 1dentical to that previously described in
conjunction with FIG. 10 and includes concentric nip-
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ples 728 and 730. The proximal end 732 of the corru-
gated breathing tube 722 is secured, preferably bonded,
to the nipple 728. An inner overflow tube 734 1s simi-
larly preferably bonded to the nipple 730.

The distal end 740 of the breathing tube 722 is prefer-
ably bonded to an outer nipple 742 formed on adaptor
726. The distal end of overflow tube 730 is preferably
bonded to the inner nipple 744 or adaptor 726. The
inner and outer nipples 742 and 744 are connected by an
open web 746. The distal end of the adaptor 726 defines
a tubular portion 750 for receiving the mask elbow 727.
With the construction depicted, it should be understood
that a substantially free unencumbered communication
exists between each of the breathing tube 722, overflow
tube 744, and mask elbow 727, via the adaptor 726.

Note also in FIGS. 16 and 17 that an end expiratory
monitoring tube 752 is threaded through the mask
elbow 727 and then through the web portion 746 of
adaptor 726, and through the breathing tube 722 to the
‘nipple 754 in the connector body 725.
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The preferred 2-tube implementation of FIGS. 15-17

further differs from the 3-tube implementation of FIGS.
8-14 in that the fitting 756, used for the inspiratory tube
in the 3-tube system, is here closed by a cap 758, prefer-
~ ably bonded in place. Additionally, whereas the con-
" nector body cap 760 was removable in the 3-tube imple-
mentation to accommodate a CQO; canister, it is prefera-
bly bonded in place in the 2-tube implementation of
FIGS. 15-17 to prevent the inadvertent inclusion of
CO, absorbent material.

From the foregoing, it should now be appreciated
that an improved anesthesia rebreathing system has
been disclosed herein, characterized by features which
considerably enhance safety, reliability, end efficiency
as contrasted with prior art systems. |

We claim:

1. An anesthesia system for coupling a fresh gas sup-
ply means to a patient’s airway, said system including:

a single use structural portion including connector
body means defining a fresh gas interface port and
a patient overflow interface port;

a reusable structural portion including mounting
structure means defining a fresh gas interface port
and a patient overflow interface port; |

means for detachably connecting said connector
body means and said mounting structure means for
communicating said fresh gas interface ports to one
another and said patient overflow interface ports to
one another;

said single use portion including:
patient airway communication means;
elongated breathing tube means having a first port

coupled to said patient airway communication
means and a second port coupled to said singie
use portion fresh gas interface port;

overflow means having a first end coupled to said
breathing tube means and a second end coupled to
said single use portion patient overflow interface
port; and

patient breathing reservoir means having an entrance
opening coupled to said breathing tube means
proximate to the second port thereof; said reusable
portion including:

patient valve means having an iniet port coupled to
said reusable portion patient overflow interface
port; and

control means for establishing the level of pressure at
said inlet port for opening said patient valve means;
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said control means including:
container means;

.means in communication with said container means
for varying the pressure therein;

means mounting said patient breathing reservoir
means in said container means whereby pressure
variations therein will produce corrESpondmg
variations In said reservoir means;

said means for detachably connecting said connector
body means and said mounting structure means
including latching means for automatically latch-
ing said connector body means to said mounting
structure means when said connector body means
is seated on said mounting structure means to func-
tionally mate said fresh gas interface ports to one
another and said patient overflow ports to one
another;

selectively actuatable unlatching means, said unlatch-
ing means being the sole means for unlatching said
latchlng means; and

sensing means for indicating when said connector
body means is seated on said mounting structure

. means.

2. The system of claim 1 wherein said means for vary-
ing the pressure in said container means includes flexi-
ble bag means and/or mechanical ventilator means.

3. The system of claim 1 wherein said single use por-
tion further includes CO; absorber means for removing
carbon dioxide from gas flow to said patient airway
communication means.

4. An anesthesia system for coupling a fresh gas sup-
ply means to a patient’s airway, said system including:

a single use structural portion including connector
body means defining a fresh gas interface port and
a patient overflow interface port;

a reusable structural portion including mounting
structure means defining a fresh gas interface port
and a patient overflow interface port;

means for detachably connecting said connector
body means and said mounting structure means for
communicating said fresh gas interface ports to one
another and said patient overflow interface ports to
one another;

said single use portion including:

patient airway communication means;

elongated breathing tube means having a first port
coupled to said patient airway communication
means and a second port coupled to said single use
portion fresh gas interface port;

overflow means communicating said patient airway
communication means t0 said single use portion
patient overflow interface port; and

patient breathing reservoir means having an entrance
opening coupled to said breathing tube means
proximate to the second port thereof; said reusable
portion including:

patient valve means having an inlet port coupled to
said reusable portion patient overflow interface
port; and

control means for establishing the level of pressure at
said inlet port for opening said patient valve means;

satd control means including:

container means;

means in communication with said container means
for varying the pressure therein;

means mounting said patient breathing reservoir
means in said container means whereby pressure
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variations therein will produce corresponding vari-
ations in said reservoir means;

said means for detachably connecting said connector

body means and said mounting structure means
including latching means for automatically latch-

ing said connector body means to said mounting

structure means when said connector body means
is seated on said mounting structure means to func-
tionally mate said fresh gas interface ports to one

another and said patient overflow ports to one

another;

selectively actuatable unlatching means, said unlatch-
ing means being the sole means for unlatching said
latching means;

said selectively actuatable unlatching means includ-
ing means for ejecting said connector body means
from said mounting structure means.

5. An anesthesia system for coupling a fresh gas sup-

ply means to a patient’s airway, said system including:

a single use structural portion including connector
body means defining a fresh gas interface port and
a patient overflow interface port;

a reusable structural portion including mounting
structure means defining a fresh gas interface port
and a patient overflow interface port;

means for detachably connecting said connector
body means and said mounting structure means for
communicating said fresh gas interface ports to one
another and said patient overflow interface ports to
one another; said single use portion including:

patient airway communication means;

elongated breathing tube means having a first port
coupled to said patient airway communication
means and a second port coupled to said single use
portion fresh gas interface port; -

overflow means having a first end coupled to said
breathing tube means and a second end coupled to
said single use portion patient overflow interface
port; and

patient breathing reservoir means having an entrance
opening coupled to said breathing tube means
proximate to the second port thereof; said reusable
portion including;:

patient valve means having an inlet port coupled to
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said reusable portion patient overflow interface

port; and
control means for establishing the level of pressure at

said inlet port for opening said patient valve means;

said control means including:
container means;

means in communication with said container means

for varying the pressure therein;

means mounting said patient breathing reservoir

means in said container means whereby pressure
variations therein will produce corresponding

variations in said reservoir means; and wherein -

said means for detachably connecting said connec-
tor body means and said mounting structure
means includes mating means on said connector

body means dimensioned to be seated on said

mounting structure for mating operatively (1)
said fresh gas interface ports to one anotehr to
permit gas flow therebetween and (2) said pa-

tient overflow ports to one another to permit gas

flow therebetween;
means for sensing whether said connector body

means is seated on said mounting structure; and
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means for permitting gas flow out of said mounting
structure means fresh gas interface port only
when said connector body means is seated.

6. The system of claim 5 wherein said means for de-
tachably connecting further includes latching means for
latching said connector body means to said mounting
structure means when they are seated together.

7. The system of claim 6 further including manually

actuatable means for unlatching said latching means.

8. The system of claim § wherein said single use por-
tion further includes CO3; absorber means for removing
carbon dioxide from gas flow to said patient airway
communication means.

9. An anesthesia system for coupling a fresh gas sup-
ply means to a patient’s airway, said system including:

patient breathing means defining a fresh gas inlet

port; |

fresh gas control means defining a fresh gas outlet

port; |

mating means for detachably mating said patient

breathing means and said fresh gas control means
with said inlet and outlet ports in communication;
and-

means for permitting gas flow from said outlet port

only when said patient breathing means and said
fresh gas control means are mated together;

said means for permitting gas flow including sensor

means for sensing when said patient breathing
means and said fresh gas control means are mated
together; and

means including valve means responsive to said sen-

SOT mmeans.

10. The system of claim 9 wherein said mating means
includes means for latching said patient breathing means
and said fresh gas control means to one another.

11. The system of claim 10 wherein said pattent
breathing means and said fresh gas control means are
respectively configured for relative movement in a first
direction; and wherein |

said latching means includes a latch member mounted

for reciprocal movement in a second direction,
substantially perpendicular to said first direction, in
response to relative movement between said pa-
tient breathing means and said fresh gas control
means.

12. The system of claim 11 further including selec-
tively actuatable release means for moving said latch

member so as to unlatch said patient breathing means
and said fresh gas control means. |

13. The system of claim 12 further including selec-
tively actuatable eject means for urging apart said pa-
tient breathing means and said fresh gas control means.

14. The system of claim 9 wherein said patient breath-
ing means includes:

connector body means defining said fresh gas inlet

port, a breathing tube port, and passageway means
for communicating said fresh gas inlet port and said
breathing tube port; and

breathing tube means connected to said connector

body for communicating with said breathing tube
port.

15. The system of claim 14 wherein said fresh gas
control means includes mounting means for accommo-
dating said connector body means in a seated position
with said inlet and outlet ports in communication; and
wherein said mating means includes:

a latch receptacle formed in said connector body; and



4,991,576

31

a latch member supported on said mounting means
for extending into said latch receptacle when said
connector body means is seated in said mounting
means.

16. The system of claim 15 wherein said latch mem-
ber is mounted for reciprocal movement toward and
away from said latch receptacle;

means responsive to said connector body means mov-
ing toward said seated position for moving said
latch member away from said latch receptaclie; and

means urging said latch member into said latch recep-

tacle when said connector body means is in said

seated position.

17. The system of claim 16 including selectively actu-
atable pneumatic means for moving said latch member
out of said latch receptacle.

18. The system of claim 17 further including eject
means responsive to said pneumatic means for forcing
'said connector body means out of said seated position.

19. The anesthesia system of claim 9 wherein said
fresh gas control means further includes:

control member means mounted for movement be-

tween an off position for preventing gas flow from
said outlet port to said inlet port, and a veniilating
position for allowing gas flow from said outlet port
to said inlet port; and

' means responsive to said sensor means for permitting
movement of said control member means from said
off to said ventilating position only when said pa-
tient breathing means and said fresh gas control
means are mated together.

20. The system of claim 19 wherein said control mem-
ber means includes a control member mounted for rota-
tional movement between said off and ventilating posi-
tions; and wherein

said means responsive to said signal includes locking

means for normally locking said control member
against said rotational movement, said locking
means being responsive to said signal for releasing
said control member.

21. An anesthesia system for coupling a fresh gas
supply means to a patient’s airway, said system includ-
ing:

patient breathing means defining a fresh gas inlet

port;

fresh gas control means defining a fresh gas outlet

port;
mating means for detachably mating said patient
breathing means and said fresh gas control means
with said inlet and outlet ports in communication;

said mating means comprising latching means for
latching said patient breathing means and said fresh
gas control means to one another in response to
relative movement therebetween;

selectively actuatable unlatching means, said unlatch-

ing means being the sole means for unlatching said
latching means;

sensor means for sensing whether said patient breath-

ing means and said fresh gas control means are
mated together; and

means including valve means responsive to said sen-

sor means for coupling said fresh gas supply means
to said fresh gas outlet port only when said patient
breathing means and said fresh gas control means
are mated together.

22. The system of claim 21 wherein said patient
breathing means and said fresh gas control means are
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respectively configured for relative movement in a first
direction; and wherein

said latching means includes a latch member mounted

for reciprocal movement in a second direction,
substantially perpendicular to said first direction, in
response to relative movement between said pa-
tient breathing means and said fresh gas control
means.

23. The system of claim 21 wherein said patient
breathing means includes:

connector body means defining said fresh gas inlet

port, a breathing tube port, and passageway means
for communicating said fresh gas inlet and said
breathing tube ports; and

breathing tube means connected to said connector

body for communicating with said breathing tube
port.

24. The system of claim 23 wherein said fresh gas
control means includes mounting means for accommo-
dating said connector body means in a seated position
with said inlet and outlet ports in communication; and
wherein said latching means includes: |

a latch receptacle formed in said connector body; and

a latch member supported on said mounting means

for extending into said latch receptacle when said
connector body means is seated in said mounting
means.

25. An anesthesia system for coupling a fresh gas
supply means to a patient’s airway, said system includ-
Ing:

breathing tube means including a patient airway com-

munication means and a connector body means
defining a fresh gas inlet port and a monitoring
outlet port;

mounting means defining a fresh gas outlet port and a

monitoring inlet port;

said connector body means being configured to mate

with said mounting means to concurrently establish
communication between said fresh gas inlet and
fresh gas outlet ports and said monitoring outlet
and monitoring inlet ports

mating latching means carried by said mounting

means and said connector body means for engaging
in response to said connector body means being
mated to said mounting means; and

monitoring tube means extending through said

breathing tube means for coupling said monitoring
outlet port to said patient airway communication
means.

26. The system of claim 25 wherein said connector
body means further defines an overflow outlet port; and
wherein

said mounting means further defines an overflow inlet

port positioned so as {0 communicate with said
overflow outlet port when said connector body
means Is seated.

27. The system of claim 25 further including means
for permitting gas flow from said fresh gas outlet port to
said fresh gas inlet port only when said connector body

means 1s seated.
'28. An anesthesia system for coupling a fresh gas

supply means to a patient’s airway, said system includ-
ing:
patient breathing means defining a fresh gas inlet
port;
fresh gas control means defining a fresh gas outlet
port;
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mating means for detachably mating said patient
breathing means and said fresh gas control means
with said inlet and outlet ports in communication;
control member means mounted for movement be-
tween an off position for preventing gas flow from
said outlet port to said inlet port and a ventiiating

position for allowing gas flow from said outlet port

to said inlet port;

locking means for normally locking said control
member means against movement from said off 10

position to said ventilating position; and
sensor means responsive to said patient breathing
means and said fresh gas control means being

mated together for disabling said locking means to

permit movement of said control member means to
said ventilating position.

29. An anesthesia system for coupling a fresh gas
supply means to a patient’s airway, said system includ-
ing: o
patient breathing means defining a fresh gas inlet

port; |
fresh gas control means defining a fresh gas outlet

port;
mating means for detachably mating said patient
breathing means and said fresh gas control means

with said inlet and outlet ports in communication;

control member means mounted for movement be-
tween an off position for preventing gas flow from
said outlet port to said inlet port and a ventilating
position for allowing gas flow from said outlet port
.to said inlet port; and

sensor means for permitting gas flow from said outlet
port to said inlet port only when said patient

breathing means and said fresh gas control means

are mated together;

including means for latching said patient breathing
means and said fresh gas control means to one
another; and

unlatching means selectively operable only when said
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control member means defines said off position for 40

unlatching said patient breathing means and said
fresh gas control means.
30. Patient circuit means suitable for use with an

anesthesia control apparatus having a fresh gas outlet -

port, and a latch member and inclined surface member 45

each mounted for linear reciprocal movement, said
patient circuit means comprising:
patient airway communication means;

a connector body defining a fresh gas inlet port, a

breathing tube port, and passageway means com-
municating said fresh gas inlet and said breathing
tube ports;

breathing tube means connecting said breathing tube
port to said patient airway communication means;

said connector body including latching means for
latching said connector body to said anesthesia
control apparatus with said fresh gas inlet port
aligned with said fresh gas outlet port, said latching
means including a depending member defining a
receptacle for accommodating said latch member
mounted on said anesthesia control apparatus;

said depending member further defining a terminal

surface for engaging said latch member to move 1t |

linearly in a first direction when said connector
body is moved in a second direction perpendicular
to said first direction;

said depending member further defining a ramp sur-
face engagable by said linearly moveable inclined
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surface on said anesthesia control apparatus for
ejecting said connector body from said control
apparatus.

31. The circuit means of claim 30 wherein said con-
nector body further includes a patient reservoir port
and passageway means communicating said fresh gas
inlet to said patient reservoir port; and |

a flexible patient breathing reservoir communicating

with said patient reservoir port.

32. The circuit means of claim 30 further including
CO, absorber means coupled to said connector body for
removing carbon dioxide from gas flow to said patient
airway communication means.

33. Patient circuit means for use with an anesthesia
control apparatus having a fresh gas outlet port, said
circuit means comprising:

patient airway communication means;

patient breathing reservoir means adapted to commu-

nicate with said fresh gas outlet port;

elongated breathing tube means having an open first

end coupled to said patient airway communication
means, an open second end coupled to said patient
breathing reservoir means, and an overflow port
located proximate to said first end,;

elongated overflow tube means having an open first

end coupled to said overflow port and an open
second end adapted to communicate with an over-
flow valve means;
one way expiratory valve means in said breathing
tube means located between said overflow port and
said second end for permitting gas flow only in a
direction from said overflow port to said second
end; .

inspiratory tube means having an open first end cou-
pled to said patient breathing reservoir means and
an open second end coupled to said breathing tube
means between the first end thereof and said expi-
ratory valve means;

said inspiratory tube means including one way inspi--

ratory valve means for permitting gas flow only in
a direction from said first to said second end of said.
inspiratory tube means.

34. The circuit means of claim 33 further including a
connector body including a fresh gas inlet port adapted

‘to be coupled to said fresh gas outlet port, a patient

breathing port adapted to be coupled to said pattent.
breathing reservoir means, and fresh gas passageway .
means communicating said fresh gas inlet and patient.
breathing ports.. o _-

35. The circuit means of claim 34 wherein said con-
nector body includes means depending therefrom for
engaging a latch member on said anesthesia control
apparatus when said connector body is seated onto said
control apparatus; and wherein

said depending means includes receptacle means for

receiving said latch member.

36. The circuit means of claim 34 further including
CO; absorber means coupled to said connector body for
removing carbon dioxide from gas flow to said patient
airway communication means. . |

37. The circuit means of claim 34 wherein said con-
nector body further includes a monitoring interface
port; and

monitoring means coupling said patient airway com-

munication means to said monitoring interface
port.

38. Patient circuit means for use with an anesthesia
control apparatus having a mounting means defining a
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fresh gas port and a monitoring port, said circuit means
comprising:

patient airway communication means;

connector body means including a mating portion

defining a fresh gas interface port and a monitoring
interface port, said mating portion being config-
ured to mate with said mounting means to concur-
rently establish communication of said fresh gas
ports to one another and said monitoring ports to
one another;

mating latching means carried by said mounting

means and said mating portion for engaging in

response to said mating portion means being mated
to said mounting means;

said connector body means further including a

breathing tube port coupled internally through said

connector body means to said fresh gas interface
port; '

breathing tube means coupling said patient airway

communication means to said breathing tube port;

and |

monitoring tube means extending substantially coex-
tensive with said breathing tube means for coupling
said patient airway communication means to said
monitoring interface port.

39. The circuit means of claim 38 wherein said con-
nector body means mating portion further defines an
overflow interface port; and wherein

said connector body means further includes an over-

flow tube port coupled internally through said

connector body means to said overflow interface
port; and

overflow tube means coupling said patient airway

communication means to said overflow tube port.

40. The circuit means of claim 38 wherein said con-
nector body means further includes a patient reservoir
port and passageway means extending internally
through said connector body means for coupling said
patient reservoir port to said fresh gas interface port;
and

a flexible patient breathing reservoir communicating

with said patient reservoir port.

41. The circuit means of claim 38 wherein said con-
nector body means includes means depending there-
from for engaging-a latch member on said anesthesia
control apparatus when said connector body means is
seated onto said control apparatus.

42. The circuit means of claim 38 further including
CO; absorber means coupled to said connector body
means for removing carbon dioxide from gas flow to
said patient airway communication means.

43. An anesthesia system for coupling a fresh gas
supply means to a patient’s airway, said system compris-
ing:

(1) patient circuit means including:

(a) patient airway communication means;

(b) patient reservoir means;

(c) breathing tube means having a first port cou-
pled to said patient airway communication
means, a second port coupled to said patient
reservoir means, and a third port coupled to said
fresh gas supply means;

(d) patient valve means mcluding means for com-
municating inlet and outlet ports in response to
pressure at said inlet port exceeding a control
pressure;

(e) overflow passageway means having a first end
coupled to said breathing tube means and a sec-
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ond end coupled to said patient valve means inlet

port; and |

(2) control circuit means for producing said control

pressure, said control circuit means including:

(a) container means for accomodating said patient
reservolr means; and

(b) means for varying the pressure in said container
means to produce corresponding pressure varia-
tions in said patient reservoir means, said pres-
sure varying means comprising:

(b1) working gas source means for supplying gas
to said container means;

(b2) manual means including outside bag means
communicating with said container means,
adapted to be squeezed by a user, for produc-
ing pressure changes in said contatner means;

(b3) non-manual means for producing pressure
changes;

(b4) user operable selector means for selectively
coupling either said manual means or sald
non-manual means to said container;

(b5) overflow means for venting excess working
gas from said outside bag and container means,
said overflow means including user operable
variable means for variably conirolling gas
flow through said overflow means;

(b6) said user operable selector means and said
user operable variable flow means includes a
common manually operable control member.

44. The system of claim 43 wherein said control cir-
cuit means further includes:

bias means having inlet and outlet ports;

means communicating said bias means inlet port with

the pressure in said container means;

said bias means including means responsive to the

pressure in said container means exceeding a prede-
termined bias for venting gas through said bias
means outlet port.

45. The system of claim 43 wherein said patient valve
means outlet port is coupled to said manual means for
supplying working gas thereto.

46. The system of claim 43 further including:

a high pressure gas source; and

.user operable means for selectively coupling said

high pressure gas source to said manual means for
supplying working gas thereto.

47. The system of claim 43 further including:

a high pressure gas.source;

fill means actuatable for supplying gas from said high

pressure gas source to said container means;
dump means actuatable for venting gas from said
container means; and

user operable control means for concurrently actuat-

ing said fill means and said dump means.

48. The system of claim 47 wherein said dump means
includes bias means for venting gas from said container
means when the gas pressure therein exceeds a bias
defined by said bias means.

49. The system of claim 48 wherein said user operable
control means includes means for maintaining said
dump means actuated slightly later than said concurrent
actuation of said fill means and said dump means
whereby gas pressure in said container means will be
established by said bias means.

50. The system of claim 48 wherein said user operable
control means includes means for actuating said dump
means slightly earlier than said concurrent actuation of
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said fill means and said dump means for venting excess
gas from said container means.

51. The system of claim 47 wherein said user operable

control means includes a single control member manu-
ally operable to actuate both said fill means and said

dump means.
52. The system of claim 51 wherein said single con-

trol member is mounted for movement between a rest

position and an actuated position for actuating said fill
means and said dump means.

53. The system of claim 52 wherein said user operable

variable flow means includes said single control mems-
ber; and

10

means responsive to rotation of said singie control

member for variably opening said overflow means.
54. The system of claim 43 further including:

15

nonmanual means for producing pressure changes in .

said container means; and

user operable selector means for selectively coupling
either said manual means or said nonmanual means
to said container means.

55. The system of claim 54 further including:

a high pressure gas source; and

20

user operable means for selectively coupling said

high pressure gas source to said manual means or
said nonmanual means for supplying working gas

thereto.

25

56. The system of claim 54 wherein said user operable
selector means and said user operable variable flow

means includes a common manually operable control

member;
means mounting sald control member for movement

between a manual position for coupling said man-
ual means to said container and nonmanual position
for coupling said nonmanual means to said con-
tainer means.

57. The system of claim 54 further including:

a high pressure gas source;

fill means actuatable for supplying gas from said high
pressure gas source to said container means;

dump means actuatable for venting gas from said
container means; and.

means for concurrently actuating said fill means and

said dump means.

58. The system of claim 54 wherein said user operable

selector means and said user operable variable flow
means includes a common manually operable control

member;
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means mounting said control member for movement -

between a manual position for coupling said man-

50

ual means to said container means and a nonmanual

position for coupling said nonmanual means to said
contamner means.

59. The system of claim 58 further including:

a high pressure gas source; |

fill means actuatable for supplying gas from said high
pressure gas source to said container means;

dump means actuatable for venting gas from said
container means; and

means responsive to said control member moving

35

into said manual or nonmanual positions for con-

currently actuating said fill means and said dump

means.
60. An anesthesia system for coupling a fresh gas

supply means to a patient’s airway, said system compris-

ing:
(1) patient circuit means including:
(a) patient airway communication means;

65
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(b) patient reservoir means;

(c) breathing tube means having a first end, said
first and having a first port coupled to said pa-
tient airway communication means, a second
port coupled to said patient reservoir means, a
second end having a port coupled to said fresh
gas supply means, and an overflow port located
proximate to said first end;

(d) patient valve means including means for com-
municating inlet and outlet ports in response to
pressure at said inlet port exceeding a control
pressure; |

(e) overflow passageway means having a first end
coupled to said breathing tube means and a sec-
ond end coupled to said patient valve means inlet
port;

(f) one way expiratory valve means in said breath-
ing tube means located between the overflow
port and second end thereof for permitting gas
flow therein only in a direction from said breath-
ing tube means overflow port to the second end
thereof; and

(2) control circuit means for producing said control
pressure, said control circuit means including:

(a) container means for accommodating said pa-
tient reservoir means;

(b) outside bag means coupled to said container
means and adapted to be squeezed by a user
therein to produce correSponding pressure varia-
tions in said patient reservoir means;

(¢) control means for selectively defining either a
first automatic bag mode or a second manual bag
mode;

(d) working gas source means;

(e) means opeable during said manual bag mode for
supplying working gas from said working gas
source means to said outside bag means and con-
tainer means; and

(f) user opeable variable overflow means operable
during said manual bag mode for variably vent-
ing excess working gas from said outside bag;
means and container means.

61. The system of claim 60 further including:

fill means actuatable  for supplying gas from said
working gas source means to said container means;

dump means actuatable for venting gas from said
container means; and wherein

said control means includes means for concurrently
actuating said fill means and said dump means.

62. The system of claim 60 further including

fill means actuatable for supplying gas from said
working gas source means to said container means;

dump means actuatable for venting gas from said
container means; and

means responsive to said control means- switching
from one mode to the other mode for concurrently
actuating said fill means and said dump means.

63. An anesthesia system for coupling a fresh gas

supply means to a patient’s airway, said system compris-

ing:

(1) patient circuit means including:

(a) patient airway communication means;

(b) patient reservoir means;

(c) breathing tube means having a first port cou-
pled to said patient airway communication.
means, a second port coupled to said patient
reservoir means, and a third port coupled to said
fresh gas supply means;
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(d) patient valve means including means for com-
municating inlet and outlet ports in response to
pressure at said inlet port exceeding a control
pressure;

(e) overflow passageway means having a first end
coupled to said breathing tube means and a sec-
ond end coupled to said patient valve means inlet
port; and

(2) control circuit means for producing said control
pressure, said control circuit means including:

(a) container means for accommodating said pa-
tient reservoir means; and

(b) means for varying the pressure in said container

i0

means t0 produce corresponding pressure varia- -

ttons in said patient reservoir means, said pres-

sure varying means comprising:

(b1) manual means, including outside bag means
adapted to be squeezed by a user, for produc-
1mg pressure changes;

(b2) nonmanual means for producing pressure
changes; |

(b3) user operable selector means for selectively
coupling either said manual means or said
nonmanual means to said container means;

(b4) bias means having inlet and outlet ports;

(b5) means communicating said bias means inlet
port with the pressure in said container means
and wherein

(b6) said bias means allows gas flow out of said
container means only when the pressure
therein exceeds a

predetermined bias said predetermined bias creat-
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ing a positive end expiratory pressure on said

patent reservoir means.

64. The system of claim 63 further including:

a high pressure gas source;

fill means actuatable for supplying gas from said high

pressure gas source to said container means;

dump means actuatable for venting gas from said
contaimner means; and

user operable control means for concurrently actuat-

ing said fill means and said dump means.

65. The system of claim 64 wherein said dump means
includes second bias means for venting gas from said
container means when the gas pressure therein exceeds
a bias defined by said second bias means.

66. An anesthesia system for coupling a fresh gas
supply means to a patient’s airway, said system compris-
ing:

(1) patient circuit means including:

(a) patient airway communication means;

(b) patient reservoir mearns;

(c) breathing tube means having a first port cou-
pled to said patient airway communication
means, a second port coupled to said patient
reservoir means, and a third port coupled to said
fresh gas supply means;

(d) patient valve means including means for com-
municating inlet and outlet ports in response to

pressure at said inlet port exceeding a control

pressure;
(e) overflow passageway means having a first end
coupled to said breathing tube means and a sec-
ond end coupled to said patient valve means inlet
port;
(2) a high pressure gas source; and
(3) control circuit means for producing said controi
pressure, said control circuit means including:

335

45

50

3

60

65

40

(a) container means for accommodating said pa-
tient reservolir means;

(b) outside bag means coupled to said container
means and adapted to be squeezed by a user to
produce pressure variations in said patient reser-
VOIr means;

(c) fill means actuatable for supplying gas from said
high pressure gas source to said container means;

(d) dump means actuatable for venting gas from
sald container means; and

(e) user operable control means for concurrently
actuating said fill means and said dump means,
said user operable control means comprising a
single selectively operable control member.

67. The system of claim 66 wherein said fill means
additionally supplies gas from said high pressure gas
source to said patient circuit means..

68. The system of claim 66 wherein said dump means
includes bias means for venting gas from said container
means when the gas pressure therein exceeds a bias
defined by said bias means.

69. The system of claim 66 wherein said user operable
control means includes means for maintaining said
dump means actuated slightly later than said concurrent
actuation of said fill means and said dump means
whereby gas pressure in said container means will be
established by said biased check valve means.

70. The system of claim 66 wherein said user operable
control means includes means for actuating said dump
means slightly earlier than said concurrent actuation of
said fill means and said dump means for venting excess
gas from said container means.

71. An anesthesia system for coupling a fresh gas
supply means to a patient’s airway, said system coOmpris-
Ing:

(1) patient circuit means including:

(a) patient airway communication means;

(b) patient reservoir means;

(c) breathing tube means having a first port cou-
pled to said patient airrway communication
means, a second port coupled to said fresh gas
supply means;

(d) patient valve means including means for com-
municating inlet and outlet ports in response to
pressure at said inlet port exceeding a control
pressure;

(e) overflow passageway means having a first end
coupled to said breathing tube means and a sec-
ond end coupled to said patient valve means inlet
port; | |

(2) a high pressure gas source; and |

(3) control circuit means for producing said control

pressure, said control circuit means including:

(a) container means coupled to said patient valve
means outlet pori for accommodating said pa-
tient reservoir means:;

(b) outside bag means coupled to said container
means and adapted to be squeezed by a user to
produce pressure variations in said patient reser-
VOIr means:

(¢) fill means actuatable for supplying gas from said
high pressure gas source to said patient circuit
means;

(d) dump means actuatable for venting gas from
said container means; and

(e) user operable control means for concurrently

actuating said fill means and said dump means,
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said user operable control means comprising a

single selectively operable control member.
72. The system of claim 71 wherein said dump means
includes bias means for venting gas from said container

means when the gas pressure therein exceeds a bias

defined by said bias means.
73. In an anesthesia system including:
(1) patient circuit means comprising:
(a) patient airway communication means;
(b) patient reservoir means;
(c) breathing tube means having a first port cou-
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pled to said patient airway communication
means and a second port coupled to said patient -

reservoir means;

(d) patient valve means including means for com-
municating inlet and outlet ports in response to
pressure at said inlet port exceeding a control
pressure;

(e) overflow passageway means having a first end
coupled to said breathing tube means and a sec-
ond end coupled to said patient valve means inlet
port;

(2) a gas source; and :
(3) control circuit means for producing said control
pressure, said control circuit means including:

(a) container means for accommodating said pa-
tient reservoir means; and

(b) outside bag means adapted to be squeezed by a
user coupled to said container means for produc-
ing pressure variations in said patient reservoir
means, the improvement comprising:

fill means actuatable for supplying gas from said
gas source to said container means;
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dump means actuatable for venting gas from said

container means;

a unitary control member mounted for movement
between a rest position and an actuated position;
and

means responsive to said control member moving
to said actuated position for actuating both said
fill means and said dump means.

74. The improvement of claim 73 further including

flush means actuatable in response to said control
member moving to said actuated position for sup-
plying gas from said gas source to said patient
circuit means.

75. The combination of claim 73 further including:

overflow valve means for venting excess gas from
said outside bag means; and wheréin

said control member is mounted for rotational move-

ment: and
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means responsive to said control member rotational -

movement for variably opening said overflow

valve means.

76. In an anesthesia system including:
(1) patient circuit means comprising:

(a) patient airway communication means;

(b) patient reservoir means;

(c) breathing tube means having a first port cou-
pled to said patient airway communication
means and a second port coupled to said patient
reservoir means; |

(d) patient valve means including means for com-
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municating inlet and outlet ports in response to

pressure at said inlet port exceeding a control
pressure;

65

(e) overflow passageway means having a first end -

coupled to said breathing tube means and a sec-

42
ond end coupled to said patient valve means inlet
port;

(2) a gas source; and

(3) control circuit means for producing said control

pressure, said control circuit means including: -

(a) container means for accommodating said pa-
tient reservolir means;

(b) manual means adapted to be squeezed by a user
for producing pressure variations; and

(c) nonmanual means for producing pressure varia-
tions; the improvement comprising:

a single control member mounted for rotational
movement between a first manual position and a
second nonmanual position; |

means responsive to said control member defining
said manual position for coupling said manual
means to said container means for producing
pressure variations therein;

variable overflow means coupled to said manual

“means for variably venting gas therefrom;

said control member being capable of limited rota-
tional movement when in said manual position
for varying said overflow means; and

means responsive to said control member defining
said nonmanual position for coupling said non-
manual means to said container means for pro-
ducing pressure variations therein.

77. The system of claim 76 further including:

fill means actuatable for supplying gas from said gas

source to said container means;

dump means actuatable for venting gas from said

container means; and wherein

said single control member is also capable of move-

ment between a rest position and an actuated posi-

tion; and

means responsive to said control member defining

said actuated position for actuating said fill means

and satd dump means.

78. The system of claim 77 further including:

means for compelling said control member to move

into said actuated position in order to switch be-

tween said manual and nonmanual positions.

79. Patient circuit means for use in an anesthesia sys-
tem for delivering fresh anesthesia gas to a patient’s
airway, said patient circuit means including:

elongated breathing tube means having a first end

adapted to communicate with the patient’s airway

and a second end adapted to communicate with a

source of fresh anesthesia gas, said breathing tube

means further including an overflow port located
proximate to said first end;

elongated overflow tube means, substantially coex-

tensive with said breathing tube means, having -

open first and second ends, said first end being
coupled to said overflow port;

patient overflow valve means coupled to said over-

flow tube means second end for permitting gas

flow in said overflow tube means only in a direc-
tion from the first to the second end thereof;

means mounting said overflow valve means 1n close
proximity to said elongated breathing tube means
second end;

one way expiratory vailve means in said breathing
tube means located between the overflow port and
second end thereof for permitting gas flow therein
only in a direction from said breathing tube means
overflow port to the second end thereof;
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inspiratory tube means having an open first end cou-
pled to said breathing tube means between said
overflow port and second end thereof and an open
second end coupled to said breathing tube means
proximate to the first end thereof; 3

said inspiratory tube means including one way inspi-
ratory valve means for permitting gas flow only in
a direction from said first to said second end of said
inspiratory tube means.

80. The circuit means of claim 79 further including

CO; absorber means for reducing the carbon dioxide

content of gas flowing from said inspiratory tube
means second end.

81. A method of operating an anesthesia delivery
system comprised of a patient circuit portion and a !°
~ control circuit portion including the concurrent steps
of:

supplying high pressure gas to flush said patient cir-

cuit portion and fill said control circuit portion;
and :

venting said control circuit portion through a bias

means for establishing a predetermined gas volume
and pressure therein.

82. The method of claim 81 including the further step
of manually actuating a single control member to cause
sald selective supplying of high pressure gas to both said
patient circuit portton and said control circuit portion.

83. The method of claim 82 wherein said step of actu-
ating said control member also causes said venting of 10
said control circuit portion.

84. The method of claim 83 including the further step
of 1ntiating said venting earlier than said supplying of
high pressure gas.

85. The method of claim 83 including the further step 35
of terminating said venting after the termination of said
supplying of high pressure gas.

86. The method of claim 82 wherein said step of actu-
ating said single control member includes the step of
manually depressing said control member to move it 4,
substantially linearly along a longitudinal axis.

87. The method of claim 86 including the further step
of selectively rotating said control member to variably
vent said control circuit portion.

88. A method of operating an anesthesia delivery 45
system including a patient circuit portion comprising
the steps of:

selectively supplying high pressure gas to said patient

circuit portion while concurrently venting said
patient circuit portion through a bias means for sg
establishing a predetermined gas volume and pres-
sure in said patient circuit portion; and

Initiating said venting earlier than said supplying of

high pressure gas -

89. The method of claim 88 including a further step of 55
manually actuating a single control member to cause
said selective supplying of high pressure gas and vent-
ing of said patient circuit portion.

90. The method of claim 89 wherein said step of actu-
ating said single control member includes the step of 60
manually depressing said control member to move it
substantially linearly along a longitudinal axis.

91. The method of claim 90 including a further step of
selectively rotating said control member to variably
vent said patient circuit portion.

- 92. The method of claim 89 including the further step
of terminating said venting after the termination of satd
supplying of high pressure gas.
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93. An anesthesia system for coupling a fresh gas
supply means to a patient’s airway, said system compris-
ng:

(1) patient circuit means including:

(a) patient airway communication means;

(b) breathing tube means having a first port cou-
pled to said patient airway communication
means, a second port coupled to said fresh gas
supply means;

(c) patient valve means including means for com-
municating inlet and outlet ports in response to
pressure at said inlet port exceeding a reference
pressure;

(d) overflow passageway means having a first end
coupled to said breathing tube means and a sec-
ond end coupled to said patient valve means inlet
port; '

(2) a high pressure gas source;

(3) fill means actuatable for supplying gas from said
high pressure gas source to said patient circuit
means; SR

(4) dump means actuatable for venting gas from said
patient circuit means; and

(5) user operable control means for concurrently
actuating said fill means and said dump means, said
user operable control means comprising a single
selectively operable control member.

94. The system of claim 93 wherein said dump means
includes bias means for venting gas from said patient
circuit means when the gas pressure therein exceeds a
bias defined by said bias means.

95. The system of claim 93 wherein said user operable
control means includes means for maintaining said
dump means actuated slightly later than said concurrent
actuation of said fill means and said dump means
whereby gas pressure in said patient circuit means will
be established by said biased means.

96. The system of claim 93 wherein said user operable
control means includes means for actuating said dump
means slightly earlier than said concurrent actuation of
said fill means and said dump means for venting excess
gas from said patient circuit means.

7. The system of claim 93 wherein said patient cir-
cuit means further includes patient breathing reservoir
means for defining a variable gas storage volume.

98. The system of claim 93 wherein said patient cir-
cuit means further includes CO; absorber means for
reducing the carbon dioxide content of gas flowing to
said patient airway communication means.

99. An anesthesia system for coupling a fresh gas
supply means to a patient’s airway, said system includ-
ing:

a single use structural portion including connector

body means defining a fresh gas interface port and

a patient overflow interface port;

a reusable structural portion including mounting
structure means defining a fresh gas interface port
and a patient overflow interface port;

means for detachably connecting said connector
body means and said mounting structure means for
communicating said fresh gas interface ports to one
another and said patient overflow interface ports to
one another;

said single use portion including:
patient airway communication means;
elongated breathing tube means having a first port

coupled to said patient airway communication
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means and a second port coupled to said single
use portion fresh gas interface port;

overflow means communicating said patient air-
way communication means to said single use
portion patient overflow interface port; and

patient breathing reservoir means having an en-
trance opening coupled to said breathing tube
means proximate to the second port thereof; said
reusable portion including:

patient valve means having an inlet port coupled to

said reusable portion patient overflow interface

port for venting gas from said single use portion;
and
control means for controlling the opening of said
patient valve means;
said control means including:

container means;
means in communication with said container means

for varying the pressure therein;

D
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means mounting said patient breathing reservoir 20

means in said container means whereby pressure
variations therein will produce corresponding
variations 1n said reservolr means; and
expiratory pressure regulator means for venting
gas from said patient valve means only when the

pressure in said single use portion exceeds a first -

positive threshold level and for passing gas dis-

placed from said container means only when the

pressure therein exceeds said first positive

25

30

35

45

50

35

65

46
threshold level to thus establish a positive end
expiratory pressure against which a patient can
breathe.

100. The system of claim 99 further including spirom-
eter means isolated from gas supplied to said patient
airway communication means for measuring the gas
flow into and/or out of said container means.

101. In an anesthesia system including a patient cir-
cuit for coupling a fresh gas supply to a patient’s airway
wherein said patient circuit includes valve means for
venting gas from the patient circuit and a variable vol-
ume reservoir means for alternately (1) receiving gas
during patient exhalation and (2) supplying stored gas
during patient inhalation, the improvement comprising:

a constant volume container means for accommodat-

ing said variable volume reservoir means;

exit path means for passing gas displaced from said

container means; and

bias means for establishing a positive end expiratory

pressure against which a patient breathes, said bias
means defining a positive threshold pressure only
above which said valve means vents gas from said
patient circuit and said exit path means passes gas
from said container means. |

102. The system of claim 101 further including spi-
rometer means isolated from gas inhaled by said patient
for measuring the gas flow into and/or out of said con-

talner means.
& L - * 2k
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